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OBSERVATIONS 


ON THE 


STRUCTURE AND FUNCTIONS 
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S the Nervous Syſtem 1s the medium interpoſed between the living 
principle and the ſeveral organs which compoſe the bodies of ani- 


mals, an exact knowledge of its ſtructure and functions muſt appear to the 


philoſopher, as well as to the phyſician, of high importance in the ſtudy 


of nature. 


The brain, cerebellum, medulla oblongata, medulla ſpinalis, and the 


nerves, with their ganglia, form this ſyſtem. 


Of theſe parts I ſhall treat in the order in which I have enumerated them, 
confining my obſervations, as much as poſhble, to ſuch facts and circum- 


ſtances as have riot been aſcertained, or have been altogether overlooked by 


anatomiſts and phyſiologiſts. 


— 


A C HAF. 


— - — 
— _— — 


a - - 
— — — — 
—— — — 


7 5 — — 2 
— —— —— . — P 


— ñ2Uſ— ——— 


2 OBSERVATIONS ON THE 


6 I. 


Of the Circulation of the Blood within the Head. 


EE 07-4 


T has been juſtly obſerved by authors, that the force of the blood ſent 

to the brain and celebellum in man is broken by its aſcent; by the 
angles at the riſe of the internal carotid and vertebral arteries ; by the turns 
which theſe form in their courſe, for inſtance, by the turns of the internal 
carotids within the os petroſum and at the ſides of the ſella turcica ; and 
by the uncommonly great proportion which the ſum of the areae of the 


branches bears to the area of the trunk. 


But this intention of nature appears more evidently in the ruminating 
quadrupeds ; for I find that a ſubſtance connected with the internal caro- 
tid artery, obſerved by Galen and named by him rete mirabile, which by 
Heiſter and others has: been called plexus vaſorum et fibrarum, uſus incog- 
niti*, conſiſts entirely of a diviſion of that artery into. ſmall ſerpentine 
branches, which are afterwards collected, at the ide of the ſella turcica, in- 
to a trunk that is divided nearly as in man ; and the vertebral arteries, I 


ſz 


likewiſe obſerve, form a rete mirabile. 


But, although the momentum of the blood is thus broken, the quantity 
of it which circulates in the brain is greater than in moſt organs of the 
ſame weight. Thus one of our arms will be found to weigh more than 
our brain and cerebellum; yet the areae of the two vertebral and of the 
two internal carotid arteries, joined together, are much larger than the 
area of the proper ſubclavian artery. 


This 


See Heiſter Comp? Anat. p. 138. § 273. + See T. I. 
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This quantity of blood does not, however, ſo greatly exceed the pro- 


portion of that circulated in moſt other parts, as Dr Keil, Dr Boerhaave, 


and Dr Haller, have endeavoured to prove; for thoſe very learned authors, 
inſtead of comparing the areae of the internal carotid and vertebral arteries 
with the area of the trunk of the deſcending aorta *, ought to have com- 
pared them with ſimilar branches ſent off from that trunk. On a juſt 
compariſon, not above one tenth part of the whole maſs is circulated with- 
in the head; which is, however; nearly four times more than, in general, 
is circulated in the reſt of the aortic ſyſtem, as the weight of the encepha- 


lon does not exceed one fortieth part of the weight of the whole body. 


W II. 


Ix the brain, the ſmall circulating veins are known to terminate in ſi- 
nuſes, or in trunks covered by the dura mater; and their paſſage through 


the dura mater, or between it and the proper trunk of the veins, is ob- 


lique; nay, the mouths of many of thoſe veins are turned in a direction 


contrary to the current of the blood in the ſinus F. But it is further to be 
obſerved, that, while one ſide of the ſinus is firmly fixed to the bone ex- 
cavated for its reception, the other ſide of it either has the dura mater 
drawn tenſe over it, as in the ſinuſes at the baſis of the cranium; or is drawn 
out into an angle by the falx cerebri, or tentorium cerebello ſuperexten- 
ſum, as is the caſe of the ſuperior longitudinal and part of the lateral ſinu- 
ſes; or, as in the torcular Herophili, the tentorium forms the baſis of the 
triangular ſinus, whilſt the oppoſite angle is ſupported by the falx. In the 
laſt place, the terminations of the great veins or ſinuſes, or ends of the 
lateral ſinuſes, are not contiguous to the trunks of the correſponding arte- 


ries, as is obſerved in moſt other parts of the body, but paſs through diffe- 


rent holes of the cranium. 


26:7 


* Boerhaave Prael. in Inſt. $ 239. and Haller, El. Phyſ. V. 4. p. 140. 
+ Haller, El. Phyſ. T. 4. p. 148. 
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Pl OBSERVATIONS ON THE. 


E III. 


Sou eminent phyſiologiſts have regarded the ſinuſes as conſiderable re- 
ceptacles of blood, and have propoſed theories to explain the cauſe or ef- 
fects of the accumulation of blood in them. But, when we conſider that 
the vertebral arteries are accompanied by ſmall veins only, and, of courſe, 
that almoſt the whole blood which theſe as well as the internal carotid ar- 
teries convey, is returned by the lateral ſinuſes and their continuation, the 
internal jugular veins, it will appear, that the venous trunks within the 
head are not much, if at all, larger than veins are, with reſpect to corre- 


ſponding arteries, in other bowels, as in the kidneys, ſpleen, &c. 


C IV. 


Tas primary uſes of the ſtructure deſcribed are, therefore, 1. That 
when, by a ſudden and violent action of the muſcles of expiration, or of 
the muſcles of the head and neck, the blood is repelled in the cavae or in- 
ternal jugular veins, the impulſe may not be communicated to the blood in 
the ſmall and tender veins of the brain, which would endanger a rupture 
of theſe. To confirm which, it may be obſerved, that, generally, a very 
ſmall quantity only of any liquor injected into the ſinuſes enters the ſmall 


veins of the brain and cerebellum. 


2. The dura mater, inveſting the trunks of the veins of the brain and 
cerebellum, evidently ſtrengthens theſe, and prevents their being eaſily 


ruptured, 


3. .The dura mater ſtretched over the ſinuſes, which are lodged in fur- 
rows of bones, and its proceſſes, the falx and tentorium, connected to 
angles of the ſinuſes, prevent the oppoſite ſides of the ſinuſes from being 
preſſed nearer to each other, or prevent their cavities from being much di- 
miniſhed by the weight of the parts of the brain and cerebellum in diffe- 
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rent poſtures; or by an increaſed impulſe of the blood in the arteries ; or 
by water accumulated in the ventricles of the brain, or on its ſurface ; or by 


ſcirrhous or other tumours forming in its ſubſtance. 


To illuſtrate this effect of the falx and tentorium upon the ſinuſes : If, 
after taking out the brain and cerebellum, we cut the falx and tentorium, 
and dry the head, the cavities of the ſuperior longitudinal ſinus, of the two 
lateral ſinuſes, and of the torcular Herophili, will be found much diminiſhed: 
But, if the falx and tentorium are preſerved entire, though we dry the 
head, the cavities of the ſinuſes will be ſo little diminiſhed, that we would 


ſuppoſe they had been purpoſely kept inflated, whilſt the head was drying. 


4. The ends of the lateral ſinuſes perforate the cranium at ſome diſtance 


from the arteries, that the returning blood might, as little as poſſible, ſuffer 


interruption in its courſe towards the heart. 


For any alternate ſtop of it, eſpecially when occaſioned by the ſtroke of 
the correſponding artery, muſt have had a worſe effect on the brain than on 
other organs; not merely on account of the delicacy of the brain, and the 
thinneſs of its veins, but becauſe, being incloſed in a caſe of bone, the blood 
muſt be continually flowing out by the veins, that room may be given to 
the blood which 1s entering by the arteries. For, as the ſubſtance of the 
brain, like that of the other ſolids of our body, is nearly incompreſſible, 
the quantity of blood within the head muſt be the ſame, or very nearly the 
ſame, at all times, whether in health or diſeaſe, in life or after death, thoſe 
caſes only excepted, in which water or other matter is effuſed or ſecreted 


from the blood-veſlels; for in theſe, a quantity of blood, equal in bulk to the 


effuſed matter, will be preſſed out of the cranium. 


C V. 


Ir does not, however, follow from this, that every individual artery or 


vein within the head is conſtantly of the ſame ſize, or that, at all times, it 


B contains 
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contains the ſame quantity of blood, and, of courſe, that the arteries with- 
in the head are immoveable, like metalline tubes, or want pulſation, or are 
unſuſceptible of inflammation. For, whilſt the heart is performing its ſy- 
ſtole, the arteries here, as elſewhere, may be dilating, and, in the mean 
time, a quantity of blood, equal to that which is dilating them, is paſſing 


out of the head by the veins. 


During the ſucceeding period of diaſtole of the heart and ſyſtole of the 
arteries, the quantity which dilated the arteries of the brain paſles into the 
correſponding veins and finuſes ; at the ſame time, as much paſſes from the 
ſinuſes out of the head, as enters into the head from the contracting trunks 


of the arteries ſituated between the heart and the head. 


. VI. 


Ne1THER does it follow, from nearly the ſame quantity of blood being at 
all times contained within the head, that opening the arteries or veins on 
the outſide of the head, or in the limbs, can be of no ſervice in the cure of 
inflammation, apoplexy, and other diſeaſes of the brain. For, although we 
cannot, by arteriotomy or veneſection, leſſen much the quantity of the blood 
within the cranium, we can diminiſh the force with which it is impelled into it. 
The great effect of this circumſtance needs no other proof than that, in 
caſes of faintneſs, brought on by inanition, we are relieved by the horizon- 
tal poſture, and, in caſes of plethora, or of inflammation of the brain, we 
are oppreſſed by that poſture. Nay, the leſs compreſſible we ſuppoſe the 
ſubſtance of the brain to be, the more readily we underſtand how the whole 
of it may be affected by a plethora, or increaſed momentum of the blood; 
or a particular part of it injured by an inflammation, or by an extravaſation 


of the blood, or by any other cauſe of preſſure upon its ſubſtance. 


. VII. 


Ix phrenitis, apoplexy, and other diſeaſes, it has been propoſed to per- 
form the operation of the trepan, in order that the external air admitted 


might, by its preſſure, leſſen the diameter of the veſſels. 


But, 
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But, allowing we were to lay out of the queſtion the dangerous effects 
which the air has upon all our deep ſeated organs, I would obſerve, that; 
if the diameter of the veſſels ſhould be diminiſhed by the admiſſion of the 
; air, this effect can only be explained on the principle; that the veſſels are ex- 

1 poſed to more preſſure after, than they were before trepanning, from which 
ſurely no good effects can be expected. We might, almoſt, as well propoſe, 


in peripneumony, to perform the paracenteſis of the thorax. 


„ VIII. 


Beroxe diſmiſſing this ſubject, it may be worth while to mention, that, 
in 1752, I made an experiment, with the aſſiſtance of Dr Brodie, which 
plainly ſhewed, that, in animals killed by hanging, death was not, as Petit 


ſuppoſed, owing chiefly to the preſſure on the veſſels of the brain, but de- 
pended on the ſtoppage of reſpiration. 


I cut a large hole in the trachea of a living dog. I then ſuſpended him 
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for three quarters of an hour, by a rope fixed around his neck above that 
hole, without killing him or depriving him either of ſenſe or motion. But, 
when we afterwards ſuſpended him, for a quarter of an hour, by a rope 


fixed under that hole, he became inſenſible, and did not recover. 
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Dr Stolte, an ingenious Dutch phyſician, has confirmed this fact, by a 


3 2 
8 


9 variety of ſimilar experiments, of which he has given an account in his In- 
1 ; augural Diſſertation in 1764. 
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Of the Membranes of the Brain and Cerebellum in general. 


FTER removing the cranium and the dura mater, the latter of 


which, beſide the offices already mentioned, ſerves as perioſteum to 
the inner layer of the branium, and as a cuſhion to defend the brain from 
the bone, we find the brain and cerebellum covered by two membranes call- 


ed the arachnoid coat and pia mater. 


The arachnoid coat has no veſſels which convey red blood, and is ex- 
tremely thin and tender. At the bottom of the brain it is eaſily demonſtra- 


ted; but at the top of the brain it 1s much leſs evident. 


The pia mater covers not only the external ſurface of the brain and cere- 
bellum, and enters by proceſſes or doublings into all their furrows, but al- 


ſo lines certain cavities called the Ventricles. 


I would obſerve, however, that there are not only fewer large veſſels 
diſperſed within the ventricles than upon the ſurface of the brain, but that 
there are fewer ſmall veſſels, as we cannot, by an injection, make the pia 


mater, lining them, ſo red as that on the ſurface of the brain. 
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Of the Communication of the Ventricles of the Encephalon 
with each other, as deſcribed by other Authors. 


HERE are four ventricles within the human encephalon, to wit, 

two called lateral ventricles within the hemiſpheres, into which the 

brain is divided: A third ventricle lies under a ſeptum, between the lateral 
ventricles: A fourth is ſituated between the tuber annulare and cerebellum. 


Theſe cavities have been deſcribed by Galen, and by many ſucceeding 
Authors of eminence, as all communicating with each other“; and the 


fourth ventricle has by ſome eminent authors, particularly by Dr Faller, 


been ſuppoſed to communicate with the cavity of the ſpinal marrow f. 


The manner of the communication of the third ventricle with the fourth 


- has been generally well underſtood. 


A hole or paſlage at the upper and fore part of the third ventricle has 
not only been deſcribed, but painted by different authors, under the name 
of Vulva FJ. A few authors likewiſe have mentioned a place under the for- 

C nix, 

Galen de Uſu partium, Lib. 8. cap. 2.-——Veſalius de C. H. Fabrica, Lib. 4. cap. 2.——Spige- 

uus de H. C. Fabrica, Lib. 10. cap. 8. 


Arantius, Tab. Anatom. Lib. 10.——Bauhinus, Th. Anat. 
Lib. 3. cap. 1 3.——Vieuſſens, Neur. Univ. Lib. 1. cap. 1. 


Willis, Cerebri Anatome, Cap. 2. p. 10. 
Ridley, Anat. of the Brain, Cap. 13.-—Cowper, Ap. to B. 


Winſlow, An. Tr. de la Teſte, 7o. 81. 84. 


Verheyen An. Lib. 4. cap. 6.—— 


Heiſter, C. Anat. 270. p. 135. 


+ Haller, El. Phyſ. Lib. 10. S. 2. $ 6. p. 77. et S. 3. $ 7. p. 87. 


j Veſalius An. 1. 7. 1. 6. et 7.—Arantius, Lib. 10. Jo 4+ 5 6. — Vieuflens Neur. Tab. 7. 8. 
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nix, to which they have given the name of Anus, where they ſuppoſed the 
lateral ventricles to communicate with each other, and with the third ven- 


tricle *. 
But it may be obſerved, 


1. That no author has delineated the beginning of the paſſages by which 


the lateral ventricles can diſcharge their contents into the third ventricle. 


2. If a few have * place where we ſhall in reality find ſuch a 


communication, there is ſome reaſon to ſuppoſe that they had been led to 


the mention of that place, by taking it for granted that the anterior hole 


of the third ventricle ſerved ſuch a purpoſe, rather than from their having 


actually ſeen the paſſage, as they have not painted, and do not deſcribe its 


appearance before the fornix 1s raiſed F, 


2. Thoſe who deſcribed an anterior hole under the name of Vulva, have 
deſcribed alſo a poſterior, under the name of Anus; which they ſuppoſed 


to communicate with the anterior ventricles . Yet it will appear, that this 


place (which is bounded behind by the pineal gland and its connection to 


the commiſſura cerebri poſterior, at the ſides, by the peduncles, or medul- 
lary proceſſes, from the pineal gland to the thalami nervorum opticorum, 
and before, by the conjoined thalami nervorum opticorum) is completely 


{hut by a vaſcular membrane between it and the fornix. 


3. The moſt eminent of the late authors who knew the deſcriptions of 
former authors, and had particularly examined the ſubject, have doubted 
of, or denied ſuch communications of the lateral ventricles with each other, 


or 
Vieuſſens, Neur. Lib. 1. p. 64.——Winſlow, Anat. Tab. de la Teſte, 70. 81. 84——Lieutaud, 
Anat. H. 5. S. p. 338. 
+ Vieuſſens, 1. c. Lieutaud, An. H. Pl. Set 2. et An. Pr. p. 620. 


f Vieuſſens, Lib. 1. p. 64. Anus vero alterum eſt foramen ſubtus poſticam fornicis partem latitans, 


et juxta nates excavatum, quo intermedio anteriores ventriculi cum tertio pariter communicant. 


* 


heel r 11 


or with the other ventricles “, or have ſo entirely overlooked or miſſed ſuch 
communications, that, in the figures they have given, they have not ven- 
tured to paint any of the places at which it had been ſaid they were to be 
found ; and, as a proof that there is no natural communication, they 
have remarked, that, in the hydrocephalus internus, the water had filled 


only one of the lateral ventricles 4. 


S H A PF: 


* Steno, Cer. Anat. p. 34. © Ut valde ſuſpectum habeam utrum ea via (fiſſura quae ſub fornice latet) 
© communicant inter ſe anteriores ventriculi et poſteriores,” &c.—Senac, Sup. a Hiſt. du Coeur, Ch. 
10. p. 689. Je vous ai pric d'examiner s'il y a un veritable communication entre les ventricules du 
Cerveau : Pai cru appercevoir une membrane qui couvre des ouvertures qu'on croit libres.—Haller, 
El. Phyſ. L. 10. § 18. p. 42. © Leniter tamen impulſo flatu non reperi aërem a dextra cavea in ſini- 
* ſtram tranſiiſſe, aut aquam, in alterius lateris ventriculum miſſam, agitaſſe; $ 29. p. 57. Sed neque 
© anterius, inter fornicis crura anteriora, ſeptum lucidum et hunc plexum, oſtium ullum me memini 
inveniſſe; neque clari ante me viri viderunt.—5 27. p. 55. Cum ventriculis anterioribus, quando 
© omnia integra ſunt, non communicat (ſcilicet ventriculus tertius) cum illi aqua pleni, ipſe inanis re- 
« pertus fit, et cum plexu, quem diximus, impoſito finiatur.—5 29. p. 57. Verum haec imperfecta in 


cilia (ſcilicet veterum meatus et Williſii vulvam et anum) non a lateralibus ventriculis ad tertium, ſed 


a tertii ſuperiori cavea ducunt ad inferiorem. 


+ P. Tarin Adverſaria Anatomica prima, de omnibus Cerebri, &c. Deſcriptionibus et Iconiſmis, 
1750. Tab. 2. Fig. 1. And the otherwiſe very accurate and ingenious 8. T. Soemmerring de Baſi 
Encephali, &c. cum tabulis ZEneis, 1778, Tab. 3. have delineated the brain cut perpendicularly at its 


middle, without pointing out, or ſeeming to know, the communication of the lateral ventricles with 


each other, or with the third ventricle. 


In like manner, J. J. Plenck, in his Primae Lincae Anatomes, 1775, and F. Leber, in his Praelec- 


tiones Anatomicae, editio nova, 1778, make no mention of any ſuch communications, 


1 Haller, El. Phyſ. L. 10. $ 18. p. 42. 
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Of the Communication of the Ventricles of the Encephalon 
with each other, by the Author. 


„ I. 
1- 

FTER laying open one of the lateral ventricles of the brain in the 
uſual way, leaving the ſeptum between the ventricles entire, let the 
gutter which is between the corpora ſtriata and thalami nervorum optico- 
rum, the bottom of which is occupied by the ſubſtance called Centrum ſe- 
micirculare geminum, be traced inwards, and it will be found to lead to 
the fore part of an oval hole, large enough to admit a gooſe quill, under 
the fore part of the fornix. From this hole, a probe can be readily paſſed 
into the other lateral ventricle, ſhewing, in the firſt place, that the * two 
lateral ventricles communicate with each other. When the fornix 1s next 
divided tranſverſely, we find that this paſſage has the anterior crura of the 
fornix at its fore part, and the joining or middle part of the choroid plex- 
uſes of the lateral ventricles at its back part, and that its middle part 1s over 
a paſſage downwards, named the iter ad infundibulum, or vulva +, which 


ſhould rather be called iter ad tertium ventriculum. 


When we afterwards carefully raiſe, and turn backwards the body of the 
fornix , we find that the choroid plexuſes of the lateral ventricles are con- 
nected together by a broad vaſcular membrane, which adheres cloſely to 
the fornix above it, and to the thalami nervorum opticorum below it. 
Hence, too, this membrane covers and ſhuts the hole called Anus, and pre- 


. vents 


* See Tab. III. Fig. 1. and 2. F. See alſo Tab. IV. Fig. 1. and 2. F. F. and Tab. II. 8. 
+ See Tab. III. Fig. 3. F. and Tab. IV. F. 3. F. 4. F. 
See Tab. IV. Fig. 
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vents the lateral ventricles from communicating with each other, or with 
the third ventricle, at any place but that before deſcribed. In this mem- 
brane two large veins H H may be obſerved, which, farther back, unite to 
form a vein known to Galen, and named after him. Two ſmall veins on 
each ſide of the brain, one from the ſeptum lucidum, the other from the 


corpus ſtriatum, run upon the upper and poſterior edges of the hole by 


which the lateral ventricles communicate *, and terminate in the veins 
H H. 


Under this vaſcular membrane, the extent of which, and the degree of 
its adheſion to the fornix and thalami nervorum opticorum, have not been 
ſufficiently attended to, I find the thalami, even in children, inſeparably 
united by medullary matter. Under the accretion of the thalami, and be- 
tween them and the ſubjacent crura cerebri, the middle part of the third 
ventricle 1s ſituated. From the third ventricle a paſſage, univerſally well 
known, leads to the fourth ventricle, or calamus ſcriptorius F, which is pla- 
ced between the tuber annulare, with the medulla oblongata on the fore 
part, and the cerebellum, with the valvula Vieuſſenii and nates and teſtes 


behind; ſo that this ventricle ought to be conſidered as a ventricle of the 


cerebellum, rather than of the brain. 


The bottom of the fourth ventricle has no ſuch communication with the 


cavity of the ſpinal marrow, as Dr Haller ſuppoſed, being completely ſhut 
by its choroid plexus and pia mater . 


In farther proof that the four ventricles communicate with each other, 
and that they do not communicate with the cavity of the ſpinal marrow, I 
have obſerved, in the bodies of every one of fifteen children who died from 


D internal 


* See Tab. III. Fig. 1. and 2. Tab. IV. Fig. 1. and 2. 


+ The ſubſtance called Pineal Gland, which is over this paſſage, is evidently a cineritious tubercle, 


from which medullary matter is ient out. 


See Tab. II. h. and Tab. VI. L. 
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internal hydrocephalus, that all the ventricles were diſtended; that, on 
cutting into one of the lateral ventricles, all the ventricles were emptied; 
that, ih theſe caſes, the paſſages above deſcribed were greatly enlarged *, 
and that, in none of them, water was contained in the cavity of the ſpinal 
marrow, or between its pia and dura mater. 

If caſes have occurred, ſuch as Dr Haller quotes, in which both lateral 
ventricles were not emptied of water on opening one of them, the natural 
communications muſt have been ſhut, perhaps, by a degree of previous in- 


llammation and its conſequences. . 


T II. 


Ix the chronic ſpecies of internal hydrocephalus, where the head is en- 
larged by water within the ventricles, ſome ſurgeons have propoſed, and, 
indeed, ventured to diſcharge the water by a puncture with the trocar . 

But, in two or three caſes, where children had died from a great collec- 
tion of water within the ventricles, I have obſerved, that, when the brain 
collapſed after cutting into one of the ventricles, ſome part of the ſeptum 
lucidum was lacerated by the weight of the brain, or of the water in the op- 
poſite ventricle, which did not readily enough eſcape by the natural com- 
munication. So that, upon the whole, if we properly conſider the various 
dangers which muſt ariſe from the puncture of the brain and the laceration 
of the ſeptum between the ventricles; from the unequal bending and preſ- 
ſure of the parts when the brain collapſes ; from the admiſhon of the air to 
the ſurface of the brain, which cannot well, or at all be prevented, becauſe 
the bones cannot, by the application of a bandage, be brought to yield in- 
wards, ſo as to be adapted exactly to the ſhape of the brain, ſuch propoſals 
will appear improper in the higheſt degree. | 


1 


* See Tab. III. Fig. 4. 5. 
+ Mr L*Cat, Phil. Tran. vol. 47. Art. 40. p. 267. 
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F III. 


Ir, indeed, the water is ſituated between the dura mater and ſurface of 
the brain, and of courſe between the ſpinal marrow and its ſheath from the 
dura mater, a caſe which, I believe, occurs more rarely than is generally ſup- 
poſed; or if, from a very evident fluctuation, chiefly about the bregma, we 
ſtrongly ſuſpect this to be the caſe, it will perhaps be adviſeable to give the 


patient the only, though ſmall, chance of cure by operation. 


In one caſe of a boy of three years of age, whom I viſited in 1764, along 
with Dr Grant and the late Dr Whytt, the head was greatly enlarged, with 
all the ordinary ſymptoms of hydrocephalus. Dr Whytt, who had ſeen 
ſeveral patients killed by a few ounces. of water within the ventricles, and 
had never ſeen the head ſenſibly enlarged by water lodged in the ven- 
tricles *, inſiſted that the water muſt be ſituated on the outſide of the brain; 
and, as I could not prove what I ſuppoſed, that it was within the brain, it 
was agreed that a ſurgeon ſhould be called, and a puncture made. We 
aſked Mr James Rae to attend, and I propoſed that the puncture ſhould be 
cautiouſly made, not with a trocar, but with a lancet, at the outer ſide of 
the bregma, as far as poſhble from the ſuperior longitudinal ſinus. The 
ſkin being accordingly firſt cut, and then the dura mater, and a probe in- 


troduced, without diſcharging water, we deſiſted from making any farther 
attempt. | 


The puncture ſoon cloſed, and the child ſurvived three months. After 
death, I opened the head, in preſence of Dr Grant, and ſeveral other 
gentlemen. We drew from the ventricles above two pounds of water ; 


and, on examining the communication between the lateral ventricles, it was 


found 


1 


* See Dr Whytt's Works in 4to, p. 728. Note +: 
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found to have nearly the ſize and ſhape of a ſimilar caſe, ſketched from me- 
| mory, in Tab. III. Fig. 4. * 


0-26 A 06 


| In 1764, December 13. I read to the Philoſophical Society of Edinburgh, a paper on the com- 
| * munication of the ventricles of the brain with each other, and on their ſuppoſed communication with 


the medulla ſpinglis, with ſome” remarks on the hydrocephalus and ſpina bifida, and on tapping in 
| © theſe diſeaſes, illuſtrated with . 


| | This was referred to Dr Whytt, in order that he might report concerning it to the Society. 


In this paper all the above circumſtances were mentioned, and, for upwards of eleven years before 


that time, to wit, from the 1753, I had demonſtrated the communications I have deſcribed in the A- 


natomical Theatre. 


— 


| By an accident, I have in my poſſeſſion a note taken by Dr Morgan, now phyſician and profeſſor of 
phyſic in Philadelphia, from my lecture on this ſubje& in 1762. The Doctor, who was then a ſtudent 
in this place, wrote an account of what he had ſeen, in that and the preceding year, to Sir John Pringle 
at London ; and, leſt he ſhould have miſunderſtood what I had delivered, ſent me a ſcroll of the letter 


he intended to ſend to Sir John. He choſe to write in Latin as an exerciſe in that language. 


Edin. Dec. 28. 1762. Hanc epiſtolam tibi mittere diſtuli, poſtquam eam huc uſque ſcripſeram, ut 
alia fruar occaſione videndi ventriculorum commercium ſuperiorum in ſchola hac anatomica, a noſtro 
Profeſſore Monro filio, demonſtratum : Et quoniam hoc clare et perſpicue factum eſt, deſcriptionem 
ejus nunc ſubjiciam, ipſiſſimis quibus ille ſententiis, quouſque poſſum, utens. 


4 


% * 
Inquit, * Anni decem nunc elapſi ſunt a quo communicationem mutuam inter ventriculos cerebri la- 
* terales obſervavi, et methodo ſequente illam deſcribere ſolitus ſum, quam, praetermiſſis cerebrorum 


* ſanorum ſectionibus, in quinque hydrocephalo mortuis etiam vidi. 


* Infra corporis partem anteriorem fornicis, inter crura ejus anteriora et flexum quem plexus cho- 
* roideus, tranſeundo a tertii ventriculi ſummo in ventriculos laterales, facit, foramen eſt natura effor- 


* matum, quod in hydrocephalo ita auctum vidi ut digiti apicem caperet. Dum per hanc viam ven- 


* triculi laterales cum ſe invicem communicant, manifeſtum eſt eos, ſubter foramen illud, identidem 


* quoque cum tertio ventriculo communicare,” &c. 


FEAT OUS STEM TH 
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Of the Abſorbent Veſſels of the Encephalon, and of the 
Infundibulum and Glandula Pituitaria. | 


4 


V I. 


— 


LTHOUGH no late and accurate author has pretended to deſcribe 
valvular lymphatic abſorbent veſſels in the brain of man or quadru- 


peds, yet there 1s no juſt ground for doubting of their exiſtence. 


1. In the iii place, it does not appear that any perſon has attempted, | 


by proper experiments, to diſcover them in living quadrupeds; and, al- 
though they had, as their trunks muſt be ſituated at the under part of the 


brain, they could not well have been brought into view. 


After death, it is ſo very difficult to find the lymphatics in many of our 
organs, that the argument of their not exiſting, becauſe they have not been 
| deſcribed, will have moſt weight with thoſe who are leaſt verſant in ſuch 


reſcarches. 


2. As the lymphatic veſlels are known to enter into the texture of al- 
moſt all our other organs; and as, by attending to diſeaſes, I have ſeen e- 
vidence that they exiſt in the eye, and within the cavities of the bones and 
joints, where no author pretends to have traced them with the knife, it 
would ſurcly require ſome more powerful argument than any which has 
hitherto been employed, to perſuade us, that, within the head, abſorption 


is performed in a way quite different from what takes place in the reſt of 
the body. 


— — — dl 
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3. In fiſhes, and particularly in the ſkate, I have injected wax, coloured 
with vermilion, from a lymphatic trunk, into ſo many ſmall branches on 
the pia mater of the brain, the membranes of the eyes, and organ of hear- 
ing, that thoſe parts were made quite red, and yet there was not a drop of 


the injection in the arteries or in the red veins. 


4. If, to theſe arguments, we add, that the lymphatic glands of our 
head and neck are larger and more numerous than, comparing them with 
the axillary and inguinal glands, we can ſuppoſe to correſpond with the 
outer ſide only of the head, and that they are diſpoſed in a chain, the top 
of which is at the baſe of the cranium, it cannot be doubted, that future 
attention to thoſe diſeaſes, in which acrid matter is collected within the cra- 
nium, or that proper experiments, made on living quadrupeds, with colour- 
ed or ſtrong ſcented ſubſtances poured into the cavity of the cranium, or 
accurate diſſection, after tying up the lymphatics in the neck, will fully e- 
ſtabliſh the proof, that abforption within the head is in all animals per- 


formed, as elſewhere, by the lymphatic ſyſtem. 


. II. 


Oxe other curious point of Phyſiology, connected with the above, re- 
mains to be determined, to wit, What becomes of the fluid which the in- 
fundibulum conveys to the upper ſurface of the Glandula Pituitaria? for 
that the infundibulum in man and quadrupeds is not a ſolid imperforated 
body, as ſeveral eminent authors contend “, but is a hollow membranous 

tube, 


/ 


* Vicuſſens, Neur. Lib. 1. cap. 6. De Infundibulo, pag. 49. Nec id ſenſili meatu, ſecundum totam 


extenſionem ſuam, donatum appareat. 


Lieutaud, Anat. Hiſt. Lib. 5. p. 341. La tige qui s'eleve de la glande pituitaire n'a point de cavite, 


comme on le pretend. Anat. Prat. p. 627. 4 


Petit, Ed. de l' Anat. par Palfin, Tab. 2. p. 361. L'Entonnoir, Je ſuis du ſentiment, de M. Lieu- 
© taud.” i | 


Haller, 
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tube, painted with many veſſels, I am well aſſured by repeated experi- 


ments “. 


In man and in the ox, I have repeatedly injected quick ſilver, or ſpirit of 
turpentine, coloured with vermilion, from the third ventricle, into the in- 


fundibulum, or I have put the pipe into the infundibulum, and tied it in 


with a thread. 


In two ſuch experiments on an ox, a number of ſmall veſlels in the ſub- 
ſtance of the glandula pituitaria were injected ; but then I had puſhed the in- 
jection with ſo much force that the infundibulum burſt. In all my other 
experiments, the injection did not penetrate that gland, nor did it enter the 
veins or ſinuſes of the ſella turcica, nor the valvular lymphatic veſlels. I 
therefore ſuſpected, that, in the two ſeemingly ſucceſsful experiments, the 
injection had filled veſſels which naturally are not continued from the in- 
fundibulum, but that, after the veſſels on the coats of the infundibulum 
were lacerated, it had got into them, an event that often happens, and has 
given occaſion to many miſtakes. Upon the whole, however, conſidering 
that all the ventricles of the brain communicate with each other; that the 
infundibulum is a hollow tube, connecting thoſe cavities to the glandula 
pituitaria; that this gland, eſpecially in an, ox, reſembles very much, in 
colour and conſiſtence, the lymphatic glands; that the lymphatic veſſels, 
when they reach their proper glands, divide within them into exceedingly 


minute 


Haller, El. Phyſ. Lib. 10. S. 1. p. 58. Num cavum fit infundibulum dubitari poteſt.“ 


S. Th. Soemmering de, Baſ. Enc. et Orig. Nerv. 1778, after many arguments and experiments, 
concludes concerning the infundibulum as follows: Sed haec de infundibulo ſufficiant. Quibus om- 
nibus, abſque partium ſtudio, rite mecum perpenſis, non potui non amplecti virorum illorum ſenten- 


tiam, qui infundibulum, ſi non perfecte ſolidum, certe non conſpicuo, uti veteres opinati ſunt, ca- 


nali perforatum eſſe cenſuerint; Lib. 2. $ 2. p. 60. 


See the cavity of the infundibulum delineated in the human ſubject, Tab. II. at the letters U. V. 


And Tab. V. K. In the ſheep, Tab. IX. Fig. 2. H. And in the ox, Tab. IX. Fig. g. 
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minute branches, far more ſo than has been conceived by anatomiſts, there 


ſeems to be reaſon for ſuppoſing, that the glandula pituitaria performs an 
office ſimilar to that of a conglobate gland. 


This opinion will appear ftill more probable, if further experience ſhall 
confirm what Petit has alledged, to wit, that, in hydrocephalus, he had 
found the glandula pituitaria ſcirrhous. From my own obſervation, I 
ſhould conclude, that ſcirrhi of that gland happened rarely, as I found it 
to appearance ſound in twelve caſes of hydrocephalus. 

: 
This laſt remark does not prove that its office is not ſuch as I have ſup- 


poſed; for we often ſee dropſy of other parts, the lymphatic glands of which 
are 1n a ſound ſtate. | 


C H A P. 
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Of the Uſe of the Ventricles of the Encephalon. 


a the conjectures propoſed by authors, few of which are ſatisfaQory,; 


I have only to add, that the ventricles ſerve to increaſe the ſurface 
of the pia mater, and that, whatever purpoſes are ſerved by that membrane 
and its veſſels on the ſurface of the brain, we muſt ſuppoſe the ſame per- 


formed by it within the ventricles. 


When we attend to the colour of the inſide of the ventricles, we find 
the corpora ſtriata cineritious, but almoſt all the other parts are white or 
medullary. Within the portions which are medullary on the ſurface, we, 
however, find cineritious matter, as within the thalami nervorum optico- 


rum and fornix. 


F | C H A P. 
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CHAP TL HR OM 


Of the Cineritious and Medullary Subſtances of the Brain and 


Cerebellum. 


„ DIO 


HE brain and cerdbettum, after the inveſting membranes are remo- 
ved, ſeem to conſiſt of two ſubſtances, differing in colour and con- 


ſiſtence, called Cineritious and Medullary. 


The cineritious matter is ſofter than the medullary, and, in it, regular 


ſtrata or bundles of fibres are not obſerved. 


On the ſurface of the brain and cerebellum, many minute veſſels paſs 
from the pia mater into the cineritious ſubſtance ; but the moſt ſucceſsful 
injection is far from ſhowing, as Ruyſch and others have pretended, that 
it is entirely compoſed of veſſels. Yet, I have not, in any animal, obſer- 


ved in it regularly ſhaped bodies which might be ſuppoſed glandular. 


The cortical cineritious matter is ſomewhat, but not much, darker co- 
loured on the outer than upon the inner ſide, where the medullary is join- 
ed to it, or the one does not evidently appear to be gradually converted in- 
to the other. It may not, however, be improper to obſerve, that the cor- 
tical, vaſcular, and internal uriniferous parts of the kidney ſeem, to the 


naked eye, the one to end, and the other to begin, almoſt as abruptly. 


V II. 


Bz81DE the cineritious matter obſerved in the cortical part of the brain 
and cerebellum, or on the ſurface of the corpora ſtriata, a great deal of it 
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is to be found incloſed within the medulla. For, as we conſtantly obſerve, 


that ſuch parts as are cineritious without, are medullary within; ſo we 
may invert the propoſition, and remark, that, if any tubercle is medullary 
on the outer ſide, we ſhall, for certain, find cineritious matter within it. 
Nay, in the middle ſubſtance of the brain and cerebellum, half way between 
the ſurfaces of theſe and their ventricles, and even within the crura cere- 
bri and crura cerebelli, or the tuber annulare and medulla oblongata, which 
are generally conſidered as pure medullary cords, I have found a great 
quantity of cineritious matter, into which, after a good injection with ver- 
milion, I obſerve many veſſels penetrate, ſo as to make the deep ſeated ci- 
neritious matter as red as the cortical . The numerous veſlels, therefore; 
which have been obſerved to penetrate the medulla, ſerve, beſide, perhaps, 
ſome of the uſes conjectured by authors, 1ſt, To ſupply the deep ſeated ci- 
neritious matter; and, 2dly, In the caſes of loſs of ſubſtance of the cortex 
by wounds, or otherwiſe, the veſſels which run from within, outwards, 
may not only furniſh matter to nouriſh the deep parts, but alſo to ſupply 
the loſs of the ſuperficial, in the ſame manner as when a bone has exfoliated, 
the inner parts live, and the outer are, perhaps, in part ſupplied by the veſ- 


ſels which run from the canal of the marrow, outwards, through the tables 


of the bone. 


QI AF: 


See Tab. VII. Fig. 1. 
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JJ VIII. 


Of the ſuppoſed Origin or Formation of Nerves. 


C I. 


ROM the under parts of the brain and cerebellum the nerves of the 
head and ſpinal marrow are commonly ſaid to originate, and when we 


\ 


attend to the ideas of authors, we ſhall find, 


In the i place, that many write as if they conceived that the whole 
medullary ſubſtance of the brain and cerebellum was employed in the forma- 


Pg 


tion of the nerves of the head, and of the ſpinal marrow “. 


In the ſecond place, that, very generally, the brain and cerebellum are 
conceived to be abſolutely neceſſary to the formation of nerves; and, in- 
deed, moſt authors have conſidered the brain as a gland, and the nerves as 


the ducts of that gland. 


In the third place, the nerves are univerſally ſuppoſed to receive the whole 
cnergy by which they operate, from the brain, cerebellum, and ſpinal mar- 
row. 

But every one of theſe opinions, on very important points, will, per- 


haps, be found doubtful or erroneous when we conſider them fully. 


. bs II. 


Wirn regard to the firſt opinion, when in any animal, in man ſuppoſe, 


we 


* Haller, Pr. Lin. 356. Medulla omnis cerebri ct cerebelli per diverſa foramina cranio exit, ad lo- 


cos deſtinatos. Minores faſciculos nervos vocant, majorem medullam ſpinalem. 
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we make an horizontal ſection of the brain, where its hemiſpheres are join- 


ed together by the corpus calloſum, we divide a maſs of medullary ſubſtance, 


which is one hundred times, at leaſt, as bulky as all the nerves of the head 


and ſpinal marrow conjoined. So that, unleſs we are to conceive that a 
hundred medullary fibres of the brain concur in forming a ſingle nervous 


fibre, we muſt conclude, that a great part of the machinery of the brain 


ſerves ſome other purpoſe. 


Beſides, it may be obſerved, that many medullary fibres of the brain ap- 
pear, from their direction, better calculated to connect the different ſides 
and different parts of the brain to each other, than to connect the brain to 
the nerves. Thus, we obſerve tranſverſe bundles of fibres in the corpus 
calloſum, the commiſſura cerebri anterior et poſterior, the tuber annulare, 


and even in the medulla oblongata *. 


Further, it is obvious, and has been long and repeatedly obſerved by 
anatomiſts, that fiſhes, and other animals with very ſmall brains, feel as a- 
cutely, and exerciſe their muſcles as violently, as the other claſſes of animals 


in which the brain is proportionally much larger. 


In the /a/? place, the human brain ſo greatly exceeds, in proportional ſize, . 
the brain of the other animals of the ſame claſs, that I have found the brain 
of a large ox not to weigh more than one fourth part of the human brain, 
whilſt the weight of the ox was, probably, ſix times greater than that of 
the man; or the brain of the man was, in proportion to his lah: twenty- 
four times heavier than that of the ox +: At the ſame time, the nerves of 
the muſcles of an ox are, in their ſize, proportioned to the bulk of his 
muſcles ; and thoſe of the organs of his ſenſes, as of the eye and noſe, are 
proportioned to the extent of theſe organs; thus, the olfactory nerve of 


an ox is many times larger than that of a man. Hence we are led to con- 


G ſider 
* See Tab. V. and Tab. VII. 
+ See ſimilar experiments made by Dr Haller and others, El, Phyſ. 
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ſider the brain as a medium between the mind and the reſt of the body of 
the animal, by the intervention of the machinery of which the intellectual 
powers are influenced, in a way we neither do, nor, probably, ever ſhall be 
able to comprehend : And that, in man eſpecially, a ſmall part only of it is 


lengthened out, ſo as, in the common way of ſpeaking, to give origin to 


the nerves. 


SS. 0 00-8» III. 


Nay we may, perhaps, go a ſtep further, and doubt whether, inſtead of 
conſidering the brain as the origin of the nerves, we ought not to conſider 
it merely as connected with the nerves; or whether there are better rea- 
ſons for ſuppoſing the brain to produce the nerves, than for ſuppoſing the 
nerves to produce the brain. Some facts, at leaſt, may be here obſerved, 


which ſeem to ſhow that the nerves may exiſt independent of the brain. 


1. In children delivered at the full time, plump and well formed in their 
trunk and limbs, I have obſerved the ſubſtance which ſupplied the place of 
the brain not more bulky than a ſmall nut, and, inſtead of containing a 
white medullary ſubſtance, it was of a red colour reſembling a clot of blood : 
And ſmall cords, occupying the place of the optic nerves, were likewiſe of 


a red colour. - Yet the ſpinal marrow, and all the nerves from it, had the 


ordinary ſize and appearance. *. 


2. In a monſtrous kitten, with two bodies and the appearance of one 
head, I found the ſpinal marrow of one of the bodies connected with a brain 
and cerebellum of the common ſhape and ſize. But the ſpinal marrow of | 
the other body, though equally large, had only a ſmall button of medullary 


ſubſtance at its upper end, without a ſuitable brain or cerebellum 4. 


3- In living frogs, I have repeatedly cut acroſs the ſpinal marrow, or the 


trunk of the ſciatic nerve, and fed the animal for upwards of a year there- 


after. 
* See Tab. VIII. and Tab. VIII. 


+ See Tab. XII. Fig. 3. 4. 
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after. In ſome of them, the ſciatic nerves were rejoined; but in none of 
my experiments did the nerves under the inciſion recover their powers ; yet 
the nerves under the inciſion ſeemed, at the end of that period, as large in 
the limb in which the experiment was made, as they were in the ſound 
limb “*. 


hd i + * 
v þ » fi #1 161, — 


Whilſt theſe facts ſeem to prove that the nerves may exiſt without the 
brain, and that they are not to be conſidered, according to the common 
idea, as being merely ducts which convey a fluid from a gland to diſtant 
parts, they ſeem alſo to ſhow, that there is an energy of the nerves, inde- 
pendent of the energy of the brain; and, therefore, lead us to attempt to 
prove more fully that the nerves poſſeſs ſuch an energy, and to diſcover the 
ſtructure on which the poſſeſſion of the energy depends. 


Here let us begin by directing our attention to the ſtructure of the ſpi- 
nal marrow. 


[$: H A P, 


See Tab. XIV, Fig. 1. 2. 
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CoA TO EM IX. 


Of the Structure of the Spinal Marrow. 


. 


HE ſpinal marrow, like the nerves of the head, ſeems to derive its o- 

rigin from, or to pe a continuation of the medullary ſubſtances of 

the brain and cerebellum, and may be conſidered as the largeſt nerve of the 
body. We ſhall find that it is divided, behind as well as before, to a great- 
- depth than we would ſuppoſe from the deſcriptions given by late writers, 
ſo as to be compoſed of two cords, joined together at their middle or deep- 
eſt parts by a lamella, which conſiſts chiefly of red veſſels and cineritious 


matter *. 


Nay, when either of theſe two cords 1s accurately examined, it will be 
found to be ſubdivided by a flight furrow, into a ſmall poſterior cord and 
large anterior cord. In the former, faſciculi of longitudinal fibres readily 
appear; in the latter, the diſpoſition of the medullary fibres is much leſs e- 


vident. 


In the medulla oblongata, conſiderable veſſels paſs from the anterior rima 
or calamus ſcriptorius to the poſterior fiſſure; and hence the two cords ſeem 
to be joined by tranſverſe faſciculi of the medullary fibres F ; but in the 
ſpinal marrow theſe veſſels are ſmall, and the joining of the two principal 
cords ſeems to be made by a thick plate of cineritious ſubſtance. When 


we cut the ſpinal marrow tranſverſely, the internal cineritious ſubſtance 


makes 


* See Tab. VII. Fig. 2. And Tab. IX. Fig. 4. 5. 6. 7. 8. 
+ See Tab. V. Q. Q. And Tab. VII. M. N. O. 
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makes a cruciform appearance, or conſiſts of four portions, one correſpond- 
ing to each of the four cords of which I have obſerved it conſiſts “. 

The ſurface of the ſpinal marrow, which is covered with the pia mater, 
has been deſcribed as a pure medullary ſubſtance + ; but, although it has a 
great deal of the medullary matter in it, yet if, in a recent large animal, as 
the ox, a tranſverſe ſection be carefully examined, the outer layer will be 
found to contain a conſiderable quantity of cineritious matter, or the ſpinal 
marrow alſo will be found to have cineritious cortical matter under its pia 


mater, and, in general, to agree with the brain in its ſtructure. 


HS Ry II. 


BeTwEEn the anterior and poſterior bundles of fibres which form the ſpi- 
nal nerves, a ligament is connected, by a number of threads, to each fide of 
the pia mater of the ſpinal marrow, through its whole length, for its ſup- 
port, of which, as no ſufficiently accurate deſcription or figure has been 
given, I have had a drawing made . As this ligament is fixed, by a number 
of teeth, to the inner fide of the ſheath, formed by the dura mater, it has 
been called Denticulatum. The greater number of theſe teeth run tranſ- 

verſely, ſome aſcend, others deſcend ||, all ſplit into fibres, which are incor- 


porated with the fibres of the inner layer of the dura mater. From the 


conical under end of the ſpinal marrow, a cord is produced **, which reaches 


to the os coccygis, and there ſplits into threads, which may be conſidered 
as the termination of the laſt teeth of the ligamentum denticulatum. 


H S E C T. 


* The cruciform appearance of the cineritious ſubſtance of the ſpinal marrow was known to Blaſius 
and a few other writers, as Huber, &c.; but as they did not remark, that each fide of the ſpinal mar- 
row is ſubdivided into two columns, the cauſe of the cruciform appearance was not underſtood by 
them. 

+ Natura medullae ſpinalis eſt, quam vox declarat, medullaris omnino, maxima certe parte ſui, et 
externa tota facie. 

t See Tab. X. Fig. 1. 

See Tab. X. Fig. 1. a. bx. 

** See Tab. X. Fig. w. x. 
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. III. 


Wurm we carefully trace the anterior and poſterior bundles which form 
the ſpinal nerves, we ſhall find that each has its proper hole in the ſpinal 
ſheath of the dura mater; and from the inner layer of the dura mater its pro- 
per ſheath, or that, between the two bundles which form the ſpinal nerves, 
a portion of the dura mater intervenes . On the outer ſide of the ſpinal 


ſheath of the dura mater, the cellular ſubſtance condenſed, ties the two bun- 


dles together, ſo that, at. firſt ſight, they appear like one nerve. Hence 


authors have deſcribed tlibm as paſſing through one hole t, and as forming 


one nerve terminating in a ganglion 4. But, when we break the cellular 


ſubſtance which connects the two bundles, it will be found that the poſte- 


rior bundle only ends in the ganglion; and that the poſterior bundle has 


not its nervous fibres incorporated with thoſe of the anterior bundle till it 


has paſſed through the ganglion ||. 


ES T7 


AnoTHER memorable circumſtance alſo, entirely overlooked by moſt au- 
thors, and not properly delineated by a few who have obſerved it &, is, that 
the poſterior bundles of all or moſt of the cervical nerves, for there is a va- 
riety in different perſons, detach ſmall bundles of nervous fibres to the po- 
ſterior bundles of the nerves above or below them **. In ſome perſons I 


have found a few fibres detached, in like manner, from ſome of the poſte- 


rior bundles of the dorſal nerves. 


5 2-0-1 


* See Tab. X. Fig. M. and T. 
+-Haller, Pr. Lin. $ 361. El. Phyſ. L. x. p. 239. 


Blaſius, Tab. VII. An. Comp.—Bidloo's Tab. X. Fig. 4. F.-Þ Huber, v. Haller, Faſc. An. 
Tab. 3.—Haller, El. Phyſ. L. x. p. 240. 


|| Tab. X. Fig. 1. N. O. P. Q. and Tab. XI. N. O. P. 


$ As Huber and Haller. See Haller Faſc. An. 1. Tab. III. and F. An. 7. Tab. IV. and V. 
% See Tab. X. Fig. 1. V. W. X. T. Z. 
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BeyonD the ganglia, or after the anterior and poſterior bundles of ner- 
vous fibres are intermixed, the external anterior and poſterior branches of 
ſpinal nerves are detached, and, at the ſame. places, connections are form- 
ed with the great ſympathetic nerves *®. The nature of which I ſhall af- 


terwards attempt to explain. 
GG 


Ix like manner, the acceſſory nerve, which comes out behind the liga- 
mentum denticulatum, takes its riſe partly from the ſide of the ſpinal mar- 
row, and partly, by filaments, is connected to the poſterior bundle of ſome 
of the ſpinal nerves 4. 


E 


* See Tab. X. Q. R. S. 


+ See Tab. X. Fig. 2 Winſlow, S. 6. $ 143.—- And Haller, El. Phyſ. L. x. 8. 6. p. 24a. 
make mention of filaments added to the acceſſory, from the poſterior branches of the cervical nerves. 
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C X. 


Of the Pia Mater, the Colour and Texture of the Nerves. 


. I. 


LTHOUGH the nerves have been univerſally conſidered as a con- 
tinuation of the pure medullary ſubſtance of the brain and cerebel- 


lum *; yet I find, on accurately examining them, that, with a few excep- 
tions, particularly of the optic nerves and portio mollis of the auditory, 
they are all of a browner colour than the medullary ſubſtance, their pia 
mater ſeeming to furniſh a quantity of cineritious matter. As a farther 


proof of this, they are larger in their courſe than at their ſuppoſed origin. 


This difference of colour and increaſe of bulk 1s more remarkable in the 
nerves of the ſpinal marrow, eſpecially thoſe that form the cauda equina, 
than in the nerves of the head. 


LES 


Tux optic nerves and portio mollis of the auditory ſeem, indeed, from their 
bright white colour, to receive from their pia mater little or no cineritious 
matter in their progreſs to the eye and ear; but as ſoon as they enter theſe 
organs, to form the retina and to be ſpread out on the membrane of the cochlea 


and ſemicircular canals, inſtead of remaining white and opake, they become 


cineritious: The cauſe of which 1s, that, contrary to what has been alledged 


by all authors, they carry with them their pia mater, and from that mem- 


brane every fibre of the nerve receives cineritious matter. 


He TE © 


Haller, El. Phyſ. Tab. IV. Index, p. 581. © Nervi continent medullam cerebri et ſimiles ſunt ſtriis 


pure medullaribus cerebri.” 
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In like manner, I have obſerved the nerves in the ear of fiſhes, which ter- 
minate on the ſemicircular canals, and in the ſac which contains a cretace- 


ous ſubſtance and viſcid humour; become very ſuddenly pellucid. The 


ſame thing may be obſerved with reſpect to a large nerve of the ſkate, which 


terminates on the beginning or centre, from which I have found the cuta- 


neous mucous ducts iſſue. 


In all theſe inſtances, the change of colour is not entirely, nor chiefly, ow- 
ing to the white medullary ſubſtance dividing into its conſtituent threads 
and becoming thinner; for, if the optic, or any other nerve, is bruiſed and 
ſpread out thin upon a plate of glaſs, into an equal extent, it ſtill appears 
white and opake. Some cineritious, or other matter, ſeems, therefore, to 
be added, which changes the colour, and renders the nervous matter more 


pellucid. 


Without admitting that the pia mater accompanies the medullary matter 
of the retina, or portio mollis of the ear, how are we to ſuppoſe the accom- 


panying blood-veſlels to be ſupported ? how are we to explain the difference 


of their colour, or the greater bulk and greater toughneſs of them than of 


the pure medullary matter ſent off from the brain, cerebellum, and ſpinal 


marrow ? 


1 IV. 


Ir a nerve was merely a production of the medullary ſubſtance of the en- 
cephalon, without receiving the addition of new matter in its progreſs, and 
if its pia mater could add nothing to it of nervous matter, we ſhould find 
the nerves of a living animal, under an inciſion of them, ſhrink greatly in 
a ſhort time, as an abſorption is going on continually in all the organs of an 


animal. Inſtead of which, I have not obſerved, a year after cutting the 


1 trunk 
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trunk of the ſciatic nerve in a living frog, that the lower part of the nerve 
was ſenſibly diminiſhed in its bulk. 


. V. 


I nave found, after the ſciatic nerve had been cut, and the member was 
inſenſible and motionleſs, that the circulation of the blood renuined, for a 
year thereafter, rapid and free in the hind leg of a frog; nay, that, when I 
had broken the bones and wounded the fleſh, an inflammation was excited ; 
and, at laſt, the wounds were cloſed with new matter, and the broken bones 
reunited. Yet we have the ſtrongeſt reaſons for believing, that the ſmall 
veſſels, in circulating the blood, in inflammation, and in the production of 
new matter, are actuated by a nervous energy, which, in the caſes before 
us, could only have been furniſhed to the nerves by the veſſels of the pia 


mater which incloſes them and the cineritious ſubſtance it produces. 


. VI. 


AmoxosT other experiments I made, of which I read an account to the 
Philoſophical Society of Edinburgh in 1961 *, I found, that, when I pour- 
ed a ſolution of opium under the ſkin of the thigh and leg of a living frog, 
not only the leg itſelf was very ſoon affected, but the affection was com- 
municated to the moſt diſtant organs of the body, by a ſympathy of the 
nerves ; but if, previous to the application of the opium, I cut out the heart, 
or cut acroſs the femoral blood-veſſels, the effects of the opium were not 
communicated from that limb to diſtant parts, which proves that the arte- 
ries accompanying the nerves, or the arteries of the pia mater of the nerves, 


have great effect in fitting the nerves to receive and to communicate impreſ- 


ſions. 


N 


* See Edinburgh Phil. and Liter. Eſſays, Vol. 3. Art. 13. Exper. 6. and 9. 
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. XI. 


Concluſions drawn from the Three laſt Sections. 


HEN we review the three laſt ſections, there appear to be juſt 
reaſons for believing, that a ſmall portion only of the brain, eſpe- 
cially of the human, is clongated in order to form the nerves and ſpinal 


marrow. 


2. That the reſt of it, as a medium between the living principle and the 


other parts of the body, performs offices which are proper to it. 


3. That the oppoſite ſides of the encephalon are joined by bundles of 
fibres, ſo that we ſeem, in a certain degree, to perceive the cauſe of the 


ſufferance of all parts of the nervous ſyſtem with that of any one part of it, 


or of the general ſympathy of nerves. 


4. We have obſerved, that the right and left ſides of the ſpinal marrow 
are divided from each other by deeper fiſſures than have been deſcribed by 
many late writers, or that the right and left ſides of it are leſs intimately 
connected than is commonly imagined. From attention to this circum- 


ſtance, we are, in ſome degree, enabled to explain the cauſe why one ſide 


of the body is much palſied, whilſt the other preſerves its powers unimpair- 


ed, or to underſtand the cauſe of hemiplegia. 


5. We feel and can a& with our muſcles only when the brain and the 
nerves of the organs employed are connected together. But, for the rea- 
ſons given in laſt ſection, I have long thought and endeavoured to prove, 
that our nerves, independent of the encephalon, poſſeſs an energy or prin- 
ciple of life, which they derive from their proper pia mater and its veſſels: 
Or that the limb of a frog, in which the circulation continues, after the 


ſciatic 


% 
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ſciatic nerve has been cut, has its minute veſſels actuated by an energy 
which may, ſtrictly ſpeaking, be called nervous, and which ſeems to be ana- 
logous to the energy which operates on the parts of thoſe animals, for in- 
ſtance, the echinus marinus, in which I have not found any organ reſem- 
bling our brain, or is, perhaps, like to the energy by which the parts of the 
vegetable kingdom are actuated. | 


6. In conſequence of this idea, we ſhould, in palſy, and other diſeaſes 
of the nervous ſyſtem, not confine our attention entirely to the ſtate of the 
encephalon, the ſuppoſed ſole origin of the nerves, but ought to attend to 
the ſtate of circulation in the limbs affected. 


C HA. 
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F or wy oo XII. 


AVING conſidered the general texture of the brain, cerebellum, 
and ſpinal marrow, and endeavoured to ſhow that the nerves are not 
only covered with the pia mater, but that it furniſhes to them, in their 
whole progreſs, a cineritious ſubſtance and nervous energy; and further, 
that the pia mater is not laid aſide in the retina, or within the cochlea, nor 
at the extremities of the nerves in general, as has been univerſally ſuppoſed 


by authors, I ſhall proceed to give a particular deſcription 
Of the AryEaRANCE of the Nerves in their CouRsE ; 
Of the NaTuke of their PLExuskEs; 


Of the STRUCTURE of Nervous GANGLIA; 


Of certain SpREROIDAL BoDites connected with the Brain and NERVES 


of ſome ANIMALS. 
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GE AT 25M XIII. 


Of the Appearance of the Nerves in their Courſe, and 
particularly of their Folds or Joints. | 


Perſon who has read in authors that the nerves are the continuation 
of the medullary ſubſtance of the brain, cerebellum, or ſpinal mar- 
row, collected into cords, which conſiſt of longitudinal fibres laid parallel 


to each other, will be fax from finding the appearance of them to correſpond 


with his idea. 


I have already obſerved, that, with a very few exceptions, the nerves 
are not white, like the medulla, but of a cineritious colour, and that they 


are not to be conſidered as pure medullary cords. 


I will now add, that when, in any of the four claſſes of large animals, 
we view the nerves carefully with the naked eye, or with a common mag- 
nifying glaſs, they appear to conſiſt of a ſemipellucid ſubſtance, in which 
a more white and opake fibrous looking matter feems to be diſpoſed in 


tranſverſe and ſerpentine lines “. 


This appearance is ſo remarkable, and ſo evident in all the nerves, eſpe- 
cially in the ſmall ones, where the external coats are thin, that, whoever 


will examine it, muſt be aſtoniſhed that no notice has been taken of it by 


any author f. 
When 


See Tab. XIII. Fig. 1. to 14. 


+ The only perſon who, before me, had remarked, in a tranſient way, an appearance of ſerpentine 
or ſpiral fibres in a nerve, is the very learned Dr Thomas Smith phyſician at Birmingham. In the 


year 1767, whilſt he was engaged in compoſing a very excellent Inaugural Diſſertation, which he pu- 


bliſhed, De Actione Muſculari, he told me he had ſeen an appearance of ſpiral fibres in the ſciatic nerve 
of 
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When the nerve is fully relaxed, theſe ſerpentine tranſverſe lines are beſt 
Teen. When the nerve is moderately ſtretched, they are much leſs evident. 
When the nerve is greatly ſtretched, beyond what it ever is in a living ſound 


animal, it appears uniform in its colour and conſiſtence “. 


Hence theſe lines are, in the ei place, to be conſidered as folds or joints 
in the nerve, and may be compared to the lines in the palm of the hand, 


ſerving to accommodate the nerve to the different ſtates of flexion and ex- 


tenſion. 


To prove, ſtill more clearly, that this is their chief uſe, I obſerve, that 
the tendons of all animals have a ſimilar appearance, in their relaxed ſtate; 


but loſe that appearance when they are greatly ſtretched F. 


By attending to this appearance of the nerves, I have, with certainty, 


— 


traced their ſmall branches, when I could not, by any other mark, have 


been able to diſtinguiſh them. 


\ 


> — —— — F —— — > 
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Theſe folds or joints appear in the nerves between the brain and forami- 


* * A —— —— 
CUTIES 
- _— * 


na in the cranium, or before the nerves reach the dura mater; and they 


appear diſtinctly in the nerves, in their whole courſe, on the outſide of the 
head: Nay, contrary to what might have been ſuppoſed, they are nearly as 


numerous 


of a young crow. He had formed no opinion of the nature or uſe of theſe fibres; and he ſuppoſed them 
proper to that ſpecies during their growth. 


The following year, I procured, in the evening, a young crow. I cut off its hind legs, and put 


them into a baſon full of water till next morning : But I could not then obſerve any ſuch appearance 


as Dr Smith had deſcribed. I ſuppoſed, therefore, that there had been ſome miſtake in that matter; 


and I did not obſerve ſuch an appearance in the nerves till many years afterwards, when I remarked it 


firſt in a ſkate fiſh. By ſoaking a nerve in water this appearance is loſt. 


* See Tab. XIII. big. 1. 10. 11. 


+ See Tab. XIII. Fig. 15. 
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numerous and as diſtin& in the nerves within the head, or in the nerves 
which ſeem ſo fixed in their place as to be little ſubje& to unequal extenſion, 
as the fifth pair is at the ſides of the ſella turcica, or the great ſympathe- 
tic within the thorax, as they are in the nerves of the muſcles. Hence they 
ſeem alſo intended to increaſe the ſurface of the nerves, and the extent of 
their pia mater. 

The ſpinal marrow has likewiſe a number of tranſverſe furrows or lines, 


which very evidently ſerve the purpoſe of joints or folds “. 
TRY 


See Tab, XL L. 
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d H AFP TIER av. 
Of the Connection if the Nerves in their Courſe. 


; HEN we conſider the delineations given by authors of the man- 


ner of the connection of the nerves, we ſhall find three modes of 


it repreſented. 


In the „irt place; nerves are repreſented joined together at acute angles; 
forming what have been generally named Plexuſes. 


- Secondly, Nerves running in oppoſite directions, are connected by their 
ſmall branches, or apices of theſe branches, forming net-works, which, at 
firſt ſight, ſeem to reſemble the anaſtomoſes of ſmall blood-veſlels. 


v. T. hirdly,. in certain places of the body, ſeveral nerves enter into a knot, 
: called a Ginglion;: and from the oppoſite fide of the knot nerves are ſent 
out. 

55.1 85 1 


The nature of theſe modes of connection we ſhall next examine; 
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! XV. 


Of the Plexuſes of Nerves. 


VERY nerve of the ſpinal marrow is joined near its exit, by an arch, 
with the nerve above and below it: But the connection of the ſeve- 
ral nerves of the arm, or of the leg, may be conſidered as chief examples of 


plexus. | |: 


Euſtachius, and ſeveral ſucceeding authors, have given pretty exact de- 
lineations of the outſide appearance of theſe plexuſes; but no author has 
either carefully traced the nervous fibres in their courſe through them, or 


properly explained the uſes they are intended to ſerve. 


Many years ago, I was at the pains of tracing the fibres of the nerves of 
the arm from their origin in the ſpinal marrow, to their termination in the 
parts of the arm, by ſlitting open the ſheaths of all the trunks where they 
form the brachial plexus. I found, as, indeed, I expected, that in the 
plexuſes, the fibres of the different trunks were intermixed, and that every 
nerve under the plexus conſiſted of fibres of all the nerves, which were tied 


together above its origin from the plexus “. 


The joining of the optic nerves not only reſembles, in its outſide ap- 
pearance, the joining of two of the cervical nerves in the brachial plexus, 
but it 18 impoſſible to ſeparate them, without tearing the medullary cords ; 
ſo that there appears to me no doubt, that the medullary fibres, from the 
two ſides of the brain, are there intermixed. But as this nerve is more 
purely medullary than nerves in general are in their courſe, and ſofter, be- 


cauſe 


* See Tab. XV. Tab. XVI. Tab. XVII. 
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cauſe its component fibres are leſs ſeparated by the intervention of the pia 
mater, it is much more difficult to trace its fibres from end to end, ſo as to 
demonſtrate the fact clearly : But, unleſs I am much deceived, I have ſeen, 
in man, an intermixture and partial decuſſation of the cords which compoſe 


the optic nerves *. 


= = VT EE I XVI. 


Of the Connection of Nerves which run in oppoſite Direc- 
tions, ſo as to be joined by their ſmall Branches. 


HE moſt remarkable connection of this kind is, in the human face, 


where the portio dura of the auditory nerve is joined to the ſecond 


and third branches of the fifth pair of nerves. 


Many of theſe nerves joined are ſo ſmall, that it is very difficult to trace 
the fibrils of which they conſiſt : But, in the larger branches, both in man 
and in the ox, I have certainly found, that the ſmall branches which come 


off beyond the union of two larger nerves, conſiſt of fibres from both F. 


. 


See Tab. V. F F. G. HH. Zinn de Oculo, p. 190. ſays, Multa ſubſtantia medullari inter ſe 


cohaerent, ut tamen non miſceantur. 


+ See Tab. XIX. 
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Of the Connection of the ſeveral Cords which compoſe each 
of the Nerves. 


FTER finding, that, in the plexuſes and net-works, the fibrils of 


> different nerves were intimately intermixed, and that, almoſt all 


our organs, whether active or paſſive, received branches of nerves from 
various trunks, I was naturally led to inveſtigate, whether the cords, into 
which the fibrils of the particular nerves are collected, run parallel to each 
other in a common ſheath, without connection, ſo that their number is the 
ſame at the end as at the origin of each nerve, which we ſhall find is ſup- 
poſed by authors “; or whether theſe, in their progreſs, formed new com- 
binations. I ſoon found, that, in the whole extent of the nervous ſyſtem, 
the ſubordinate cords, of which the particular nerves conſiſt, formed within 
their proper ſheaths a ſucceſſion of plexuſes, in which their fibrils were in- 
termixed and combined again, in nearly the ſame manner as in the axillary 
plexus formed by the trunks of the cervical nerves: Thus, when I ſlit o- 


pen the ſheath of the brachial nerve, called Radial, by my father, or Median 
by 


* Haller, Elem. Phyſ. Tab. 4. L. 10. S. 6. F 3. p. 187. and 188. Nullus nervus adeo exiguus 
* eſt ut non ex pluribus conſtet funiculis . . . . hi funiculi . . . . facile oſtenduntur cylindrici aut 
* aliquantum compreſſi, recti, ſibique paralleli et ſimiles, nuſquam (ſi a anal receſleris) confuſi, 
* nuſquam ramoſi, ſed ab ipſo cerebro aut a ſpinali medulla, ad ſuum uſque finem diſtin&i, ut non 
* plures in fine ſunt quam in principio. Numerus corum funiculorum iniri vix poteſt. Saepe centum 


in uno nervo Quinto ſunt, in iſchiadico plures. 


* Deinde, ſi microſcopium adhibueris, funiculi illi, qui nudo oculo ſimplices videntur, in minores 
* Wios diſcedunt,” &c. | 
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by Winſlow, which, after ſupplying various muſcles, terminates in the 
thumb and three next fingers, inſtead of finding the ſame number of ſubor- 
dinate cords at the lower end of the nerve, which I found at its upper part, 
and, inſtead of finding that theſe were placed parallel and contiguous to 
each other, but unconnected, and that the outermoſt of them ended in the 
thumb, the next in the fore-finger, and ſo on, I found a very different 


number of ſubordinate cords at the upper and under ends; and the fibres 


of theſe cords were, in their whole courſe, ſo often ſeparated from each o- 
ther, then blended together, and afterwards combined into other cords, 
that each of the cords, at the lower end, ſeemed to have received fibrils 


from all the cords at the upper end *. 


In like manner, I have diſcovered, in the ear, that the branches of the 
portio mollis form, upon the membrane and ſcala of the cochlea, a moſt e- 
legant plexus; in which the nervous filaments are ſo intermixed as to form 
new combinations, ſo far as they can be traced with glaſſes, and ſeem at laſt 


to terminate 1n a retina or web, ſomewhat reſembling that formed in the 


eye by the optic nerve . 


1 II. 


Tux chief intention of Nature, in this very ſollicitous intermixture of the 
nervous fibrils, is, I apprehend, to leſſen the danger with which accidents 
or diſeaſes, affecting the trunks of the nerves, would, without theſe com- 


binations, have been attended. 


Thus, let us ſuppoſe that two nerves are ſufficient to ſupply the flexors 
M and 


* See Tab. XVIII. 


* 


+ I firſt traced the portio mollis on the membrane of the cochlea of an adult at Berlin, in the end 
of the year 1756. In Table XXX. ſee very accurate figures of this firſt preparation, which I have an- 
nually, ſince that time, demonſtrated in my anatomical courſes, and which ſeveral good judges have 


had the curioſity to examine with glaſſes, particularly Dr Soemmering, Dr Meckel junior, Mr Luther, 
Dr Smith from Oxford, Dr Rutherford, Dr Black, Dr Hutton. 


- 
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and extenſors of the fore- arm; it is evidently better for us, that the one 
half of each nerve goes to the flexors, and the other half of each to the 
extenſors, than that the whole of the firſt nerve ſhould have gone to the 
flexors, and the whole of the ſecond to the extenſors. For if, by accident 
or diſeaſe, one of theſe nerves ſhould be cut acroſs, or loſe its powers, we 
ſhould, on the firſt ſuppoſition, preſerve one half of the power both of 
Hexion and extenſion, which would ſurely be preferable to our poſſeſſing 


fully the flexion, without any power of extenſion. 


— 


13 | 
If a ſtill greater number of nerves is employed to ſupply the flexors and 


extenſors, the loſs of power, ariſing from an accident happening to one of 
the trunks of the nerves, will be felt in a much ſmaller degree; thus, in 


the arm, where five trunks are found, a fifth part only of the power would 
be loſt. | | | 


of OE BER » ph III. 


1. NoTwITHSTANDING we have obſerved that the fibres of the nerves, in 
their courſe, are much more intimately intermixed than has been ſuppoſed, 
ſtill, as their branches do not anaſtomoſe, there is little or no reaſon for 
believing that the energy of one fibre can directly affect that of a neigh- 
bouring or contiguous fibre, or that the ſympathy of nerves can depend 
directly on their connection in their progreſs. We are, therefore, led to 
refer it, in the firſt place, to their connections in the brain, where we have 
found there are many more medullary fibres than are ſufficient to form a 
bulk equal to all the nerves, and where, beſides, many of the fibres ſeem 


evidently intended to connect oppoſite ſides of the brain. 


2. But although we cannot, from the intermixture of the nervous fibres 
in their courſe, account for their ſympathy, but are obliged to refer the 
cauſe to their connections in the brain, in which the feeling principle is 
ſeated; yet, from finding that each ſmall branch of a nerve is derived from 
various ſources, we perceive, that an injury done to it may affect and irri- 


tate 


FF 


artery, and that the arteries furniſh pia mater and cortical matter to the 
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tate the brain in various and diſtant places, and, theſe reacting, we under- 
ſtand better how a ſufferance by ſympathy may become extenſive or uni- 


verſal, than we do, when we conceive that each nerve is derived from a 


s — . * _ — r 
E . . 


ſingle ſmall portion only of the brain. 


- », 2 
. 


* 22 


3. As different nerves, intermixed, are ſupplied by branches of the ſame 


nerves in their ꝓrogreſs, and evidently influence their energy, it may be a 


queſtion meriting attention, whether ſympathy of nerves may, in ſome 


32 — 


* 
* . 
* 9 — — — — — — — — —__ — 
— — — — — — _ ——.— - — —— — r 1 * — * —— — — — - 
r,, . , , , ,, , , I T—_W(W( OE ꝗ ⁰çĩL 7 eee ee EEEeeeeee————wWkdeeeeeeeAAAAA eee nn ell ed ec cncwuw ww cw ow_ wv wJpecuwuuw a Aww GC WC CCC_r_ 


meaſure, depend on the irritation and reaction of their accompanying blood- 
veſſels? 
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TV 


Of the External Covering of the Trunks of the Nerves, and 
of the Cords or Funiculi of which they conſiſt. 


HE trunks of the nerves are known to be covered and defended by 

a thick and Meng, membrane, which, in the optic nerve, 1s evident- 
ly the continuation of the inner part of the dura mater. The holes in the 
cranium, through which the other nerves of the head paſs, are lined with 
the ſame membrane, and.the inner part of it adheres to the nerve when it 
leaves the bone; the ſpinal marrow is incloſed in a looſe ſheath produced 
from it; and the inner part of that ſheath adheres to the beginning of the 
ſpinal nerves, and evidently covers them for ſome way after they have 
paſſed out between the vertebrae. Hence the external covering of the 


nerves has been conſidered as the mere continuation of the dura mater. 


But the very accurate Zinn has obſerved, that the continuation of the 


dura mater along the nerves in their courſe, is not to be traced ſo evident- 


ly as has generally been ſuppoſed; for, that the inner part of the dura ma- 


ter, which incloſes and adheres to the beginning of the nerves, is very thin, 


and ſoon degenerates into the common cellular ſubſtance. He, therefore, 
conſiders the external covering of the nerves as the cellular ſubſtance con- 


denſed. 


But, although this opinion of Zinn is ſo far juſt, that the dura mater 
cannot, ſo evidently as is ſuppoſed, be demonſtrated to form the whole of 
the external coat of nerves, it may be obſerved, that the external cover- 
ing of the nerves, in their courſe, is almoſt as tough as the dura mater ; 
agrees much with that membrane in its colour and fibrous texture, and, 


probably, in its properties; and cannot, as Zinn repreſents, be readily diſ- 
ſolved 


* 
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ſolved into cellular threads. So that it will occaſion no material error in 
phyſiology or pathology, whether we conſider the external coat of the 
nerves in their courſe as the continuation of the dura mater, or as a cel- 
lular ſubſtance condenſed, or as a coat proper to the nerves, created thick 


and tough, merely to preſerve them from laceration and other injuries: 


Authors, whether they ſuppoſe this thick and tough coat to be derived 
from the dura mater, or produced from cellular ſubſtance condenſed, have 
repreſented it as giving a covering to the trunks only of the nerves, or to 
branches detached from them, and have deſcribed the ſmaller cords, or fu- 
niculi which compoſe the trunks, as covered by the pia mater only *. But, 
in by far the greater number of the nerves, and particularly in all thoſe 
which run amongſt and terminate in the muſcles, I obſerve, that the funi- 


culi, or ſmaller cords, have a ſimilar tough, denſe, fibrous coat, and within 


it the thin vaſcular pia mater. 4 


N G HAP. 


* Haller, El. Phyſ. Tab. IV. L. 10. S. 5.5 3. p. 188. Porro eorum funiculorum quilibet mem- 
* branula ambitur, quam a pia mater eſſe, ipſa continuatio, in medulla ſpinali evidentiſſima, demon- 


s ſtrat. Naturam etiam teneram ſuam, atque vaſculis pinctam, ea meninx in nervis retinet.” 
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F XIX. 


Of the Ganglia of the Nerves. 


— 


%Y 36 65. wrt Was ” 


WouLD begin here with again obſerving an univerſal overſight of authors 
in their deſcription of the ganglia of the ſpinal nerves. They deſcribe 
theſe as formed after the anterior and poſterior faſciculi of nervous fibres 
from the ſpinal marrow are united; ſo that every nervous fibre from the 
ſpinal marrow, is ſuppoſed to paſs through a ganglion. Inſtead of this, I 
have obſerved, that the poſterior faſciculus only of the ſpinal nerve enters 


into the ganglion; and that authors had been deceived, by not having ſlit 


open the external coat of theſe nerves *. 


One half, therefore, of all the nerves of the muſcular organs of the trunk 


of the body, and one half of the nerves of the arms and legs, do not paſs 
through ganglia. 


J II. 


Aurnonxs ſuppoſe that the olfactory, the optic nerves, the fourth, ſixth, 
ſeventh, eighth, with its acceſſory, and the ninth pair, are without ganglia. 


But, as the ſixth pair, portio dura of the ſeyenth, the eighth and the 
ninth pairs, are connected by nervous filaments to the ganglia of the great 
ſympathetic nerve, we ſhall ſoon find that there may be ſome reaſon for ſup- 
poling that part of them likewiſe paſſes through theſe ganglia, as we cannot 
pretend to judge of the courſe of the nerves from obſerving the angles they 


form with their trunks, the courſe of many nerves being retrograde. 


- ut 5 as 


* See Tab. X. N, O, P, O. And Tab. XI. N, O, P, Q. 


ada * c 
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. III. : 


However different from each, other the ganglia ſeem in ſhape and ſize, in 
different parts, and although, in the progreſs of the great ſympathetic 
nerve, the number, and, of courſe, the ſize of each, varies in different per- 
ſons, I have found, after accurately examining the principal ganglia in man 
and in the ox, and particularly the lenticular ganglion of the eye, the gan- 
glion in the trunk of the fifth pair *, the cervical, thoracic, and ſemilunar 
ganglia of the great ſympathetic, the ganglion in the poſterior faſciculus of 
the ſpinal nerves, that they all agree in their general ſtructure, which I 
{hall next deſcribe, as it appears to the naked eye, or when viewed with a 


common magnifying glaſs. 


In inveſtigating this ſubject, I was enabled to trace the nerves in the 
ganglia, by attending to their folds or joints, when it would have been im- 


poſſible, from any other circumſtance in their ſtructure, to have diſtinguiſh- 
ed them. 


Lhave already obſerved, that the nerves of an ox, or other large animal, 
are larger than the nerves of a man, although his brain be ſmaller. The 


ſize of the ganglia bears a proportion to that of the nerves. 


In the next place, although the ſize of the ultimate fibrils of which the 
nerves are compoſed, is, perhaps, not larger in the ox than in man; and al- 
though, of courſe, the number of ultimate fibrils is in proportion to the 
bulk of the nerves; yet the funiculi, or cords into which theſe are collected, 
are larger in the ox. Hence I found, that I could trace the nerves farther 
and more diſtinctly in the ox than in man, and more eaſily and certainly 
diſcover the texture of the ganglia. 


Authors 


This ganglion was deſcribed and painted by Ridley, An. of Brain, Fig. 3. And Cowper, Ap. 
to B. Fig. 27. but overlooked by moſt modern anatomiſts till of late, that the deſcription of it has been 


revived by Gaſſerius and the accurate Dr Wriſberg, de 5to Par. 1777. 
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Authors have affirmed, that, in the ganglia, the ſtraight courſe of the 
nervous fibres is interrupted. By this they mean, that a nerve cannot. be 
traced from the place at which it enters the ganglion, to the place at which 
it comes out from it“. Hence, it is evident, that any deſcription they 
have given of the manner in which the nerves divide, after entering the 
ganglion, of the courſe they purſue within it, or of the new combinations 


they form before they go out of it, muſt be conſidered as mere hypo- 
theſes. 


I firſt examined the fade of the ganglia; and afterwards cut them, 


and the nerves entering or going out from them, longitudinally. 


On the ſurface of the ganglion I could trace, diſtinctly, many of the 
nervous cords, from their firſt attachment to the ganglion, till they parted 


from it, without any ſubſtance intervening of a different texture from that 


of the nervous cords elſewhere 7. 


Where two or more nervous cords entered one end of a ganglion, and 
two or more were produced from the other end of it, I could plainly per- 
ceive, that the nerves, in their courſe upon the ſurface of the ganglion, 
after dividing into ſmaller, were again collected into larger cords, in ſuch 
a manner, that every nerve that came out of the ganglion conſiſted of 


fibres from two or more of the nerves which entered into the ganglion . 


In the ganglia, and nerves connected with them, which I had cut open 
length-ways, I could perceive, in every part of the ganglia, nerves diſtin- 


guiſhable 


Dr Haller, in Pr. Lin. Phyſ. $ 364. gives the following account of the ganglia, © Duri nempe 


* tumores nervei, incertae hactenus aut fabricae, aut utilitatis, in quibus fibrarum nervearum rectitudo 


interrumpitur.' 


+ See Tab. XX. Fig. 3. Tab. XXII. Fig. 1. 2. 4. 5. 


See Tab. XX. and XXII. 
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guiſhable by their joints, which I could trace to or from the cords of nerves 
connected to the ganglia; ſo that the fibrous jointed texture, proper to the 
nerves in other parts of their courſe, was neither loſt, nor changed, within 


the ganglia, into a ſubſtance quite different from nerve“. 


The jointed fibres within the ganglia have, however, in their interſtices, 
or ſeem covered and incruſted by a quantity of hard ſubſtance, of a yellow- 
iſh colour, in the ox, and in ſome of the human ganglia, as that in the 
trunk of the fifth pair, but rather of a reddiſh brown in the greater num- 


ber of the ganglia in a man, upon which many blood-veſlels are diſper- 
ſed +. 


T. 


THe cords that come out from the under end of a ganglion are generally 
larger than thoſe which go in to the upper end of it, as authors + have 
remarked; thus, the nerves iſſuing from the ſemilunar ganglia, ſeem much 
more bulky than the rami ſplanchnici which go into them ||]. But in the 


courſe of the ſympathetic nerve we ſee, in ſome places, exceptions to this 


rule. 


HE OL, Ss V. 


Tus laſt, and not leaſt remarkable, obſervation to be made concerning 
the ganglia, and nerves connected with them, is, that, although the great- 
er number of nervous threads do, perhaps, run in the direction ſuppoſed 
by authors, that is, from the head downwards to the feet, yet every nerve 
connected with a ganglion, appears to contain cords, running in oppoſite 
directions, aſcending, for inſtance, and deſcending. Or where nerves are 
connected to the upper, under, and outer part or ſide of a ganglion, whic 
O is 


* See Tab. XX. Tab. XXI. Tab. XXII. Tab. XXIII. 
+ See Tab. XX. Fig, 1. 2. 44 Tab! XXII. Fig. 6G 

f Mechel, M. de VAcad. a Berlin, 1749. p. 95- $ 19. 
See Tab. XXII. Fig. 5. 
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is the caſe of the thoracic ganglia of the ſympathetic nerve, the nerve at 
the ſide appears to conſiſt of cords, which divide into aſcending and de- 
ſcending cords, that are combined with the cords which compoſe the upper 


and under nerves *. 


If branches, ſuch as the rami ſplanchnici, are ſent off from a ganglion 
in which ſuch deſcending, aſcending, and lateral, or tranſverſe nerves meet, 
the branches ſeem to receive threads from all the nerves which. enter the 


ganglion. 


T2 © 3 


From theſe ſeveral facts, I apprehend we may draw the following con- 


cluſions. 


1 


Firſt, Several branches of the nerves, which enter a ganglion, run upon 
its ſurface, ſeparating from each other, and joining again, ſo as to form 


new combinations of threads at the other end of the ganglion. 


Secondly, When we cut a ganglion, we are ſo far from finding that the 
courſe of the nerves is interrupted within it, or that it is a ſubſtance total- 
ly different in its nature from the nerves that enter it, that we are able to 


trace, in every part of the ganglion, nerves diſtinguiſhable by ſuch folds 


or joints as are ſeen in them in all other places. 


Thirdly, In the ſubſtance of the ganglion, we ſee nervous cords leading 
from any one nerve, connected to the ganghon, to the greater number of, 
if not to all, the other nerves connected with it, from which we may con- 
clude, that various other combinations of the nervous threads take place 
within it +. | 
Fourthly, 


See Tab. XX. Fig. 1. B. Tab. XXII. Fig. 2. 4. F. K. 
+ Zinn, M. de VAcad. de Berlin 1753, p. 138. ſays, Il me paroit extremement probable,” that the 


nervous threads in ganglia are intermixed ; but this opinion, with him and many others, was a mere 


hypotheſis, not founded on actual obſervation. 
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Fourthly, It appears very difficult, in many inſtances, to diſtinguiſh all 
the nerves which enter a ganglion, from thoſe which are ſent off from it. 
And, of courſe, it is difficult, or impoſſible to determine all the ſources 
from which any branch ſent off from the ganglion 1s derived. For ex- 
ample, although the nerves at the upper end of a thoracic ganglion of the 
great ſympathetic nerve are compoſed chiefly of deſcending branches, and, 
in like manner, the two nerves which tie it to the proper dorſal nerve, are 
chiefly derived from the dorſal, yet there ſeem to be aſcending branches 
from the nerves below, and others ſent outwards, from the ganglion, to 


the proper dorſal nerve; and, probably, the ſplanchnic nerves receive 
threads from all theſe ſources. 


Fifthly, The nerves which iſſue from ganglia ſeem, as authors * have al- 
ledged, to be more bulky than the nerves we may ſuppoſe to enter the gan- 
glia; yet I have not been able to diſcover that the coats of the nerves go- 
ing out were thicker, or different from the coats of the nerves going into 


the ganglia: Hence there is juſt reaſon to ſuppoſe, that nervous matter is 
furniſhed by the ganglia. 


Sixthly, To ſtrengthen the ſuppoſition that the ganglia are to be conſi- 


dered as ſources of nervous matter and energy, I would obſerve, 


That the yellowiſh or browniſh matter of ganglia has numerous veſſels 
conveying red blood, as in the cortical ſubſtance of the brain, diſperſed 
upon it: That its colour, eſpecially in man, very much reſembles that of 
the cortical ſubſtance of the brain : That, in ſeveral children, in whom the 
brain had either been originally imperfect, or compreſſed by accident, its 
colour and conſiſtence ſtill more cloſely reſembled that of a ganglion. As 


to the greater hardneſs of the ganglia than of the cortical ſubſtance, which, 


to 


Meckel, M. de V Acad! a Berlin, 1749, p. 95. 
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to Dr Meckel“, has appeared to afford ſufficient reaſon for denying that 
they ſerve for ſecretion, that, I apprehend, will evidently appear neceſlary 
to defend them from external violence, or the preſſure of the muſcles and 


other organs. 


To which I would add an obſervation ' on the firft pair, or olfaQtory 
nerves, which ſeems to carry with it conſiderable weight, to wit, That, in 
man, the trunk of the olfactory nerve has, adhering to its end, a cineri- 
tious bulb, ſituated within the cranium, and which is evidently of the ſame 
texture with the cortical matter of the brain F. Now, in fiſh, I have found, 
that the olfactory nerve has no ſuch bulb within the cranium ; but when we 
trace that nerve forward towards the noſe, which is, in them, at a great 
diſtance from the cranium, we find a ganglion, near the noſe, which ſup- 
plies the place of this bulb, and from which more nerves come out than en- 
ter in J. 

Seventhly, We ſhall more readily receive the opinion that the ganglia are 
additional ſources of nervous energy, if we are perſuaded, from what has 
been before obſerved, that every nerve 1s, in its courſe, covered with cine- 


ritious matter, from which energy is added to it. 


Eighthly, When we compare a lymphatic conglobate gland with a gan- 
glion, we remark a ſtriking reſemblance. The lymphatic veſſels form a 
net-work on the ſurface of theſe glands, in which we can readily trace their 
whole courſe. Other lymphatics enter into the ſubſtance of the gland, 


which, in its number of blood-veſſels, its colour, and conſiſtence, very 


much 


* Mem. de l' Acad. des Sc. a Berlin, 1749, p. 91. Zinn and Haller adopt the opinion of Dr Mec- 


kel, that the ganglia are not ſources of nervous matter and energy, Mem. de l' Acad. a Berlin, 1753. 


and Hal. El. Phyſ. Tom. 4. p. 408. 


+ See Santorin, p. 62. Weitbrecht, Winſlow, T. 4. § 133. Soemmering, de Baſi Enc. p. 89. 
et Tab. 1. and 3. 


See Tab. XXXII. Fig. 1. K. 
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much reſembles a ganglion: Thus, till we trace the ſplanchnic nerves into 
the ſemilunar ganglia, we are apt to miſtake them for conglobate glands. 
Yet no perſon who underſtands the ſubject can doubt, that, in the conglo- 
bate glands, the arteries make a ſecretion of matter, which is added to the 


lymph, although the nature of that matter has not yet been fully aſcertain- 


ed by experiment, 
TH OB ROW 
Urox the whole, all the nerves which iſſue from ganglia ſeen to be for- 
med by a combination of threads from many ſources; and, beſide this, 


the nerves, in their paſſage through a ganglion, ſeem to receive new ener- 


gy from the vaſcular matter of the ganghon: 


Hence we underſtand the reaſon why ganglia are moſt numerous in the 
nerves of organs of chief importance, as in thoſe of the heart or of the in- 
teſtinal tube. Thus, the inteſtinal tube receives its nerves from the eighth 
pair, and, perhaps, from almoſt all the ſpinal nerves. If the firſt pair of 
ſpinal nerves had run to the uppermoſt part of that canal, and ſo on, with- 
out the intervention of ganglia, by a wound or diſeaſe injuring the firſt pair 
of nerves, the uppermoſt part of that canal ſhould have totally loſt the 
power of acting: Whereas, if the threads are ſuppoſed to be intermixed in 
the ganglia, we ſhould, by ſuch an accident, make a loſs of the thirtieth 
part only of the power of the whole tract; which equable loſe would be at- 


tended with much leſs danger than the complete loſs of power in the thirti- 
eth part of it. 


Or in the heart, the loſs of one fourth part of the ſtrength of all its four 
principal ſacs would be leſs dangerous than a complete palſy of one of its 


auricles or ventricles *. 


P Whilſt 


* The three purpoſes the ganglia are ſaid, by Dr Meckel, to ſerve; Mem, de VAcad, des Sc. a Ber- 
lin, 17449. p. 96. To wit, 
1. De diviſer un petit nerf en pluſieurs nerfs: 
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Whilſt I mention the above as the primary purpoſes which the ſtructure 
of the ganglia points out, I think it highly probable there may be other 
yet latent purpoſes ſerved by them. 


. 


As the heart and bowels of the abdomen are remarkable for the various 
ſources of their nerves, and for the number of ganglia through which theſe 
are tranſmitted, and alſo for their extenſive ſympathy with other organs, 
we ſeem to receive a confirmation of what I alledged above in CHAr. XVII. 


that the extent of the ſympathy of our organs is in proportion to the num- 


ber of connections their nerves have with different parts of the brain. 


CH AP. 


2. De faire parvenir les nerfs commodement par des directions differentes aux parties : 


3- De reunir pluſieurs petites fibres nerveuſes en un gros nerf: Might have been nearly as well ex- 
ecuted without ganglia as with them; and that they are magazines for furniſhing cellular membranes 
and coats to the nerves, as he contends, ſeems a frivolous hypotheſis, not connected with any appear- 


ance in their texture. 


That ganglia do not ſerve to render motions independent of our will, as an ingenious author has 
ſuppoſed, is evident, without obſerving more than that all the branches of the fifth pair, and the po- 
ſterior half of all the ſpinal nerves of the voluntary muſcles, paſs through ganglia. 
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Of Spheroidal Bodies which, in ſome Animals, make Part of 
the Nervous Syſtem. 


N fiſhes of the genus gadus of Linnaeus, to wit, in the cod, the whi- 
ting, and the haddock, I have diſcovered a great number of ſpheroidal 
bodies, between the dura and pia mater, on the outſide of the brain, cere- 
bellum, and top of the ſpinal marrow, lodged in a viſcid clear humour, 
which is interpoſed between the cranium and brain *. Other ſuch bodies 
are found between the membranes of the ſemicircular canals of their ear, 
and the canals of bone which contain them, diſperſed in a viſcid humour 


which is interpoſed between theſe oſſeous and membranous canals. 


When we carefully obſerve the ſituation of theſe ſpheroidal bodies, they 
ſeem to be ſupported, in their places, not merely by the viſcidity of that 
humour, but to have blood-veſlels, and likewiſe white fibres, partly cel- 


lular, and perhaps, in the ear, partly nervous, connected to them. 


A pair of very large nerves, which ſeems analogous to our fifth pair +, 
and all the nerves from the ſpinal marrow, ' are covered with theſe ſpheroi- 
dal bodies as with a coat of mail, from their origin to their diviſion into 
branches , when the ſpheroidal bodies become fewer in number, ſo that 
the nervous cords are ſeen in their interſtices. The minute branches or 
terminations of the nerves are not attended by thefe bodies, but are quite 


ſimilar to the nerves in other fiſhes or in other claſſes of animals ||. 


Theſe 


* See Tab. XXXII. Fig. 1. D. E. F. 

+ See Tab. XXXII. Fig, 1. M. M. 

f See Tab. XXXII. Fig. 1. and 2. Tab. XXXIII. Fig. 1. Tab. XXXIV. 
| See Tab. XXXIII. Fig. 1. B. C. Tab. XXXIV. Fig. 1. 
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Theſe ſpheroidal bodies adhere firmly to each other, and to the outer 


part of the nerve. 


The ſpheroidal bodies conſiſt of a tough outer tranſparent membrane, or 
ſkin, which contains a viſcid tranſparent humour, in the heart of which 
there is always one white or opake body, but, generally, we ſhall find two 
ſuch bodies, bent in a ſigmoid way. We may compare theſe ſpheroidal 
bodies to an egg, with its ſhell peeled off; only we muſt imagine the ſer- 
pentine bodies to be ſubſtituted in place of the yolk. 

* 

After drying the ſpheroidal bodies, the ſerpentine white bodies are ſtill 
very diſtinguiſhable. They are ſo like in colour and conſiſtence to the 
cretaceous ſubſtance in the ear of a ſkate, that I have ſome ſuſpicion they 
are cretaceous ; but I neglected to try a proper experiment to determine this 
point. | 


None of theſe ſpheroidal bodies are connected to the olfactory or optic 
nerves 1, nor to the trunk of the portio mollis; but ſome threads from 
the portio mollis ſeem to be joined to them, between the membranes of the 


ſemicircular canals of the ear and the caſes of bone which contain them. 


They are alſo wanting in the courſe of a pair of nerves from the brain, 
which runs down the ſides of theſe fiſhes J. 


Theſe bodies, no doubt, ſerve ſome office of high importance; and, per- 
haps, an accurate compariſon of this with other kinds of fiſhes, and 


with other animals, may ſerve to throw light on the nature of the nervous 


energy. 


At 


* See Tab. XXXII. Fig. 3. Tab. XXIII. Fig. 2. 3. 
+ See Tab. XXXII. Fig. 1. 
t See Tab. XXXII Fig. 1. 8. 
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At firſt, I ſuppoſed theſe bodies might ſupply the place of ganglia, which 
I found wanting at the roots of their ſpinal nerves. But, in, other fiſhes, 
there ſeems to be a ſimilar defe& of ſuch ganglia. 


© B.A Þ 
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CHEAPEST 3 XXI. 


Of ſome principal Nerves which have not been properly 
Traced by Authors. 


I this chapter I ſhall deſcribe ſome principal nerves which have not 
been properly traced by authors. | 


1. I begin with obſerving, that the branches of the firſt, or olfactory 
pair of nerves, are not ſo extremely ſoft, and ſo ſuddenly diffuſed upon the 
membrane of the noſe, that it is impoſſible to trace them diſtinctly by diſ- 
ſection, as Dr Zinn and Dr Haller have affirmed *; on the contrary, they 
may, even in the human ſubje&, be traced a great way within the noſe, 
where their ſmall branches are joined, and again ſeparated, ſo as to form a 


very elegant net-work T. 


In the ſheep and ox theſe nerves are hollow, and a branch is ſent off, not, 
like-the reſt, from the bulb at the end of the trunk, but from the upper 
part of the trunk, within the cranium, and hence it can be traced more 


eaſily than the other branches 4. 


Whether, 


* Zinn Mem. de PAcad. de Berlin 1755, tom. xi. p. 132. Quiconque en a fait Pexperience, recon- 
noitra avec moi, que la moleſſe coulante et muqueuſe du nerf OlfaQoire, depuis qu'il a paſſé la lame 
aethmoide, empeche entierement qu'on puiſſe affirmer quelque choſe de certain de fa diſtribution, ou 


de ſon Anaſtamoſe avec les autres nerfs. Haller, El. Phyſ. tom. iv. p. 200. Ita olfaQorius nervus, 


nuſquam equidem durus, in pituitaria membrana molliſſimus expanditur, ut ramos in homine perle- 


qui nequeas. 


+ See Tab. XXIV. Fig. 1. and 2. 
See Tab. XXIV. Fig. 5. H. 
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Whether, in man, theſe nerves are hollow, and whether a ſimilar nerve 


is ſent off from them, I have not had leiſure to examine ſufficiently. 


2. The naſal branch of the firſt branch of the fifth pair carries along 
with it a firm white external coat, and hence may, with ſtill greater eaſe, 


be traced in man, as well as in the ſheep or ox, to the upper, or fore part 


of the ſeptum narium “. 


3. The naſal branch of the ſecond branch of the fifth pair can likewiſe 
be very eaſily traced within the noſe ; and in the ox and ſheep, it is evi- 


dently ſpent on the lower part of the ſeptum narium, as well as upon the 
oſſa ſpongioſa and ſide of the noſe þ. 


4. The extent of the retina has been very differently deſcribed by ana- 
tomiſts. Morgagni, my Father ||, and Zinn &, have affirmed that it termi- 
nates at the ciliary circle; whilſt authors of equal authority, Euſtachius, 


Winſlow, Ferrein, and Haller **, have repreſented the whole or a part of 


it as extended to the lens, and even as giving a covering to that humour. 
The opacity, however, of the retina, compared with the pellucidity of 
the capſule of the lens, and the confuſion, which we muſt ſuppoſe, would 
ariſe from light ſtriking the retina before its rays are collected into a focus, 
render this latter deſcription very queſtionable; and, in fact, not long af- 
ter I began to ſtudy anatomy, led by theſe contradictory accounts, to ex- 
amine this ſubject with particular attention, I found that the retina ended 


abruptly, reſembling the edge of a tea-cup, ſomewhat farther back in the 
eye 


* See Tab. XXIV. Fig. 3. 4. 

+ See Tab. XXIV. Fig. 3. 

f See Tab. XXIV. Fig. 5. I. k. L. M. N. Fig. 6. K. P. 
|| Anat. of the Nerves, 1941, p. 41. 

§ Zinn, de Oculo, 1755. 

** Haller, Pr. Lin. Phyſ. 1764, p. 515: 
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eye than the ciliary circle, or, that it covered that part only of the bottom 
of the eye on which the pictures of objects can be diſtinctly painted, 


To demonſtrate more clearly the extent of the retina, in ſome of my 
firſt courſes of anatomy, I uſed to pour a few drops of rectiſied ſpirit of 
wine on it, which inſtantly renders it much more opake than natural, and 
thereby makes its termination much more diſtinctly viſible ; but I obſer- 
ved, that, in a ſhort time thereafter, a ſomewhat fimilar opacity is com- 
municated to ſuch part of the lens as the ſpirit touches, and, to an inat- 
tentive obſerver, ſuggeſts the idea, that the retina is continued to cover 
it; or, if we do not diſſect the eye till ſome time after it has been immer- 
| fed in ardent ſpirits, the capſule of the lens and retina appear ſo nearly of 


the ſame colour, that we are apt to ſuppoſe the one to be the continuation 
of the other. 


I am therefore perſuaded that Dr Haller has been miſled, (particularly 
in the diſſection of the eyes, repreſented in his Faſciculus Anat. VII. 
Tab. VI. fig. 7. & 8. which ſeem to have been injected and preſerved in 
ſpirits), by not having ſufficiently attended to the effects which ardent ſpi- 
rits have of coagulating the lens, and giving it an opacity like to that of 


the retina. 


5. In 1953, when I received Dr Meckel's elaborate treatiſe on the 5th 
pair, I obſerved, that, by an unaccountable error, the trunk of the inter- 
nal carotid artery is repreſented by him as paſſing between the ſecond and 
third branches of that nerve; whereas it is on the inner fide of both; and 
hence that his new-diſcovered reflected branches of the fifth pair are repre- 
ſented quite out of their real place. I demonſtrated this error by a prepa- 
ration I made at that time; a figure of which the reader will find in 
Tab. XXVII. . 


6. Although, 


| * See Tab. XXVII. 
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6. Although, from the great ſenſibility of the teeth, it is evident they 
are provided with nerves; yet one of the lateſt writers on that ſubjech has 
alledged, that theſe cannot be proſecuted by diſſection . But I have, 
twenty years ago, obſerved, and demonſtrated, firſt, That the proper in- 
| ferior maxillary nerve is ſenſibly ſmaller where it goes out of the hole at 
the chin, than where it enters the canal at the inner ſide of the jaw-bone: 
In the next place, That the nerves of the teeth can not only be diſtinctly 
traced from their trunks, but that, in a child at birth, their ſeveral branches 
can be plainly ſhown, firſt connected ſo as to form a plexus, and after that 
entering the pulp of the tooth. Other branches paſs between the teeth to 
the gums . 


7. Several celebrated authors | have affirmed, that, if the recurrent nerves 
are cut, the voice is entirely loſt. But as the larynx receives a pair of ſu- 
perior laryngeal, as well as recurrent nerves, my father, long ago, ventu- 
red to expreſs a ſuſpicion, that ſuch experiments had not been made with 
ſufficient accuracy |}. In 1752, I found proof that this was really the 
caſe ; for, at that time, afliſted by the ingenious Dr Emmett, now State 
Phyſician in Dublin, I cut thoſe neves in a ſmall dog, and obſerved, that, 
although the voice of the animal was very ſenſibly altered in tone, and 
weakened, yet it was far from being loſt ; nay, in the courſe of fix weeks, 
the ſtrength of the voice was in a conſiderable degree reſtored. Hence 
there was reaſon to conclude, that each of the muſcles received branches 
from the ſuperior laryngeal nerves. Since that time I have found, on diſ- 
ſecting the nerves of the human larynx, that the recurrent and ſuperior 
laryngeal nerves are joined together by their apices, or that they form a 


R plexus, 


* Mr J. Hunter, on Teeth, p. 42. ſays, By injections we can trace the blood-veſlels diſtinctly through 
© the whole cavity of the tooth; but I could never trace the nerves diſtinctly even to the beginning of 
* the cavity.” 

+ See Tab. XXV. 

Galen, Veſalius, Bidloo, La Motte, Riolan, Chirac, Valſalva, Morgagni, Martin. 


See his Treatiſe on the Nerves, 1741. 
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plexus, reſembling that of the nerves of the face; and that, from both 


nerves, each muſcle of the larynx receives branches “. 


8. Dr Haller has denied that any nerve can be traced into the ligament 
of a joint; but I have obſerved, that the back-part of the ligament of the 
carpus has conſtantly fixed to it a ſmall branch from the muſcular ſpiral 
nerve of the arm. 'This branch has not altogether eſcaped the notice of 
Dr Haller, but he alledges that it is continued to ſupply the interoſſei muſ- 
cles On, however, examining this branch accurately, although ſome 
filaments from it run farthes than the wriſt, to the membranes on the back 
of the hand, yet the greater part of it ſeems to end there in the ligament ; 


and the interoſſei muſcles are ſupplied from the ulnar nerve, after it 
reaches the palm of the hand. 


9. The chorda tympani ſeems to be formed by the ſecond branch of the 
fifth pair, as well as by the portio dura of the ſeventh, as it comes off after 
theſe two nerves are conjoined; and it is evidently added to the lingual 
branch of the third branch of the fifth pair, as it increaſes its ſize l. 


10. In ſeveral tables I have repreſented, with accuracy, the progreſs and 
termination of the portio mollis of the ſeventh pair in the cochlea of the 
human ear, which I firſt traced in an adult ſubje&, in the end of the year 
1756, and of which no account has yet been given by authors 8. 


F 


* See Tab. XXV. 

+ Haller, El. Phyſ. tom. 4. p. 247. 

See Tab. XXVI. 

[| See Tab. XXVIII. | 

§ See Tab. XXIX. Tab. XXX. Tab. XXXI. 
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Of the Appearance of the Nerves viewed with the Microſcope. 


FOE IT L 


A FTER examining the ſtructure of the nervous ſyſtem with the na- 
ked eye, or with a common magnifying glaſs, I attempted to trace 


the nerves, by the aſſiſtance of the microſcope, to their termination. 


I preferred the compound microſcope, as it takes in a larger field than the 
ſingle lens, and, therefore, ſuits a painter better; and as, from the reaſon 
of things, as well as from the account of authors, it is certain that the 
nerves are ultimately divided into very minute parts, I generally employed 
a microſcope, which I found, by calculation, increaſed the diameter of ob- 
jects 146 times, or their ſurface 21,316 times, and illuminated the object 


by the light of the ſun reflected from a plain or concave mirror. 


As I had traced the portio mollis of the auditory nerve to its termination 
on the very thin membrane of the cochlea, and had found I could diſtinct- 
ly obſerve its ſubdiviſions a very great way, with a common magnifying 


glaſs, or with a microſcope of inferior powers, I began with examining it 


in the preparation delineated in Table XXXV. 


I was much ſurpriſed to obſerve, that its ultimate fibres appeared to be 


ſerpentine and convoluted, very much reſembling the winding of the ſemi- 


nal ducts in the teſticle or epidydimis. 


I compared with it the termination of the optic nerve in the retina, and 


obſerved an exact reſemblance. When I made a calculation, I found that 


the 
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the real diameter of an object of the apparent ſize of thoſe convoluted fi 


bres, would be nearly equal to the ;z:th part of an inch. 


The fibres in ſome parts of the medullary ſubſtance of the brain, and in 
the trunks of the nerves in general, ſeemed,” to the naked eye, ſo eyident- 
ly ſtraight, that I ſuppoſed the ſtructure I had ſeen might be proper to theſe 
organs of ſenſe. But, when I came to apply my microſcope to the medul- 
lary ſubſtance of the brain, to the fibres in the trunks of the nerves, and at 
laſt to the muſcles, nay to the bones, the teguments, and even the hairs of 
the body, I was aſtoniſhed to find in all a fimilar appearance. 


I ſhowed what I had obſerved to ſome friends, diſtinguiſhed by their ge- 


nius and learning, and who were practiſed in microſcopical obſervations. 


They ſaw diſtinctly, and were ſurpriſed with the appearances I have 
been deſcribing. 


In January 14th 1779, I read to the philoſophical ſociety of this place, 
an account of the appearances I had obſerved; but not having finiſhed the 
experiments I propoſed, and not being ſatisfied upon the ſubject, I declined 
lodging my paper with a member of the ſociety for a report, which 1s the 


common practice. 


Soon after I obſerved a ſimilar appearance, not only in the recent parts 


of vegetables, but in the foſſile kingdom, and in all ſold bodies, whether 
opake or pellucid. 


Of theſe obſervations Dr Duncan, without my deſire, wrote ſome ac- 
count, under the article of Medical News, Vol. vi. Part 1. of Medical Com- 
mentaries. The Doctor was, however, ſo obliging as to ſhow me what he 


had written before it was ſent to the preſs. 


At 
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At firſt, and eſpecially whilſt my obſervations were confined to the 
nerves, I had'little or no ſuſpicion that the appearance I remarked could 
be an optical deception ; for the fibres I ſaw appeared to be bent and 


convoluted in a very beautiful, diſtinct, and uniform manner: 


They ſeemed larger or ſmaller, in exact proportion to the known mags 
nifying powers of the microſcopes I employed. 


When I applied to the microſcope the leg of a ſmall tranſparent animal, 
ſuch as a ſpider, I ſaw, at the ſame inſtant, and with equal diſtinctneſs, the 


convoluted fibres and the round particles of the blood circulating in the veſ- 


ſels. 


When I examined melted wax, ſpermaceti, or tallow, I ſaw no ſuch 


appearance ; but, at the very inſtant of their becoming ſomewhat opake by 


cooling, I ſaw the maſs ſhoot into ſuch fibres: Or, when I evaporated wa- 
ter, in which ſalt was diſſolved, as ſoon as the cryſtals began to ſhoot, I 
ſaw ſerpentine fibres beginning to form in them. 


All the metals melted, and allowed to cool, ſeemed to be compoſed of 
ſuch fibres; ſo that it could not be ſaid that this appearance was produced 


by ſcratches made accidentally, or by attrition. 


No author had remarked as a fact, that an appearance ſo diſtinct and u- 
niform, could be produced by an optical deception: And 


I could not find principles on which the production of ſo great a decep- 
tion could be ſufficiently explained. 


After, however, I had extended my obſervations not only to the vege- 
table, but to the mineral kingdom, and more carefully ſifted, and more 


S coolly 
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coolly conſidered every circumſtance, I began to ſuſpe& ſome optical de- 
ception, though I could not ſufficiently explain the cauſes of it. 


In ſhort, to give the reader an idea of the diſtinctneſs of the appearance, 
or its ſeeming reality, and, at the ſame time, to give him a convincing 
proof of the difficulty of finding optical principles by which the cauſes of 
ſo great a deception can be explained, I need only to mention, that, after 
I had extended my obſervations to the vegetable and mineral kingdoms, 
and had had time to conſider every circumſtance, and, particularly, had re- 
marked that the convolutions ſeemed to change place, by altering the di- 
rection of the light, in a greater degree than could be accounted for from 
the mere alteration of the ſhades, if the fibres were real and fixed in their 


place, and that I had written, on April 1ſt 1779, the grounds of my doubts 


to one of the firſt ſpeculative as well as praQtical opticians in Europe, he 


anſwered my letter in the following words : 


© I have examined the different kinds of ſubſtances mentioned in your 


letter to be compoſed of ſerpentine fibres, and ſee it clearly in human hair, 


but as to the reſt, am in ſome doubt; but, perhaps, I have not tried it 
* ſufficiently, my time being very much taken up in buſineſs. I cannot 
think that the appearance of theſe fibres can be any optical deception, 
but their ſhifting may be ſo, though it is not the fibres only which ſeem 
© to move, but the whole object, and I think it may be owing to the dif- 
* ferent refrangibility of light ; for the more the aperture of the object lens 
be opened, the more this will appear. The ſmall circles of aberration 
occaſioned by the refrangibility, appear different, as the light is thrown 
in different directions, and the eye may be more affected by ſome colours 


in one caſe, and by others in another. 


* 


A 


© I have the honour to be, 


Sir, your obedient ſervant. 


When, 


1 
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When, however, all circumſtances are duly weighed,” we muſt, I appre- 
hend, be led to conclude, that this very curious form, in which bodies 
viewed by the microſcope appear, is produced by an optical deception ; for, 
independent af the improbability that the particles of all kinds of matter 
ſhoot into ſimilar and viſible forms, I found, on accurate inſpection, 


x. That, in viewing hairs, and other objects, the ſerpentine turns ſeem- 
ed more numerous, as well as more diſtin, when the light did not fall 


perpendicularly upon the object, but in a ſlanting direction. 


2. In the next place, although I obſerved, that, when 1 placed a ſmall 
bunch of ſerpentine woollen threads before the microſcope, and threw the 
light upon them in different directions, the fibres beyond the focus ſeemed 
to change place, yet the number and direction of the turns at the focus re- | 
mained the ſame; whereas, in the appearance of ſerpentine fibres I have 
been deſcribing, the number, ſituation, and direction of turns was greatly 


altered by altering the quantity and direction of the light. 


I thought, at firſt, after I obſerved the ſhifting of place in the ſerpen- 
tine turns, that this might be accounted for from the difficulty, or impoſ- 
ſibility, eſpecially where a microſcope of high magnifying powers is em- 
ployed, of bringing all the fibres to the exa& focus, and that this apparent 
ſhifting might be ſimilar to the ſhifting I had obſerved in the bunch of 
woollen threads. But I afterwards found that the apparent ſhifting is 
greater than could be accounted for in that way; and my very ingenious 
colleague Mr John Robiſon, Profeſſor of Natural Philoſophy, who was ſo 
obliging as, at my deſire, to examine this ſubject, is of opinion, that the 
appearance of theſe convoluted fibres is an optical deception, ariſing part- 
ly from the unavoidable aberration of light in the microſcope, and partly 
from the irregular diſperſion of it from bodies, whoſe inequalities are nei- 


ther incomparably greater nor incomparably ſmaller than the diſtance at 


which light is acted on by bodies. 
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I found that tallow, or any other ſoft ſubſtance, had the ſame appearatice, 
after being ſpread, with a knife, upon a plate of glaſs, as when, after be- 
ing melted, it was allowed to cool upon the glaſs. Yet although, after 
being melted and cooled upon the glaſs, it had ſhot into ſerpentine fibres, 
in the ſame manner as ſalts ſhoot into cryſtals, the figures of theſe ſhould 
have been deſtroyed, or altered, y the mechanical preſſure of the knife. 


4. In like manner, when J tried a ſimilar experiment, ſuggeſted by my 
learned and judicious friend Dr Rutherford, of comparing gold, beaten in- 
to exceedingly thin leaved, with gold melted and cooled again, I found no 
difference in their appearance; whereas, if the gold really conſiſted of ſer- 
pentine fibres, theſe, by the beating, ſhould have become broader, and, 


of courſe, ſhould have appeared larger, and leſs numerous in the ſame 


ſpace. 


As theſe appearances produced by the microſcope are ſo extremely regu- 
lar and diſtin, as to be very apt to miſlead; as they have eſcaped the ob- 
ſervation of authors; and, as the conſideration of the cauſes of them may 
tend to throw ſome light on the ſcience of optics, I thought it might be 
acceptable to the reader to ſee delineations of them. I have, therefore, 


added tables repreſenting different objects, viewed with the microſcope “. 


F II. 


Ix material anatomical points, I ſuſpe& that this deception, produced 
by the microſcope, has miſled ſome authors, particularly the late Mr Hew- 
ſon and Mr Falconer. In Mr Falconer's Experimental Inquiries, Plate iv. 
fig. 4. cells are delineated, ſuch as are ſaid to be obſerved in the lymphatic 
glands, which cells will, I apprehend, be found to exiſt in the microſcope 
only, this figure being merely an imperfe& repreſentation of the deception 
produced by that inſtrument. 


The 


* See Tab. XXXV. to Tab. XLV. incluſive. 
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The ſize and ſhape of cells in the ſpleen, we are told by Mr Falconer; 
* ſo nearly reſemble thoſe we have before deſcribed in the lymphatic glands; | 


that a tolerably accurate idea of them may be obtained by referring to 


the above mentioned plate *. 


I would here repeat my obſervation made on the ſuppoſed cells of the 
lymphatic glands, adding to it, as a deciſive proof that a miſtake was com- 
mitted by theſe authors, either in fact, or in theory, about the ſpleen, that 
the diameter of theſe cells repreſented, is not larger than the ſixtieth part 
of an inch, when viewed through a lens of eth of an inch focus, ſo that 
their real diameter ſhould not exceed the 24, oooth part of an inch, yet the 
red particles, the diameter of one of which is ſaid, by Mr Hewſon, to be 


almoſt equal to the :->:th part of an inch, are by them ſuppoſed to be 
contained and completed within theſe cells. 


Nay, in Plate iv. fig. 2. the veſicles of the red particles of the blood, 
viewed through a lens of d of an inch focus, are delineated nearly double 
the diameter of the cells of the ſpleen, though viewed by a lens th of an 
inch focus, repreſented in Fig. 4. ; ſo that one veſicle of the blood is repre- 
ſented by Mr Falconer himſelf above ſixty times the ſize of one of the cells 


of the ſpleen, within which, he teaches, it was contained and formed. 


* | H 


* Falconer, Exper. Inq. Sect. 65. p. 108. 
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CHATTER HT 


Of the Nature of the Energy of the Nerves. 


A FTER examining the ſtructure of the nerves, we are led to conſider 


the nature of the nervous energy. 

| Moſt authors have fuppoſed that the nerves are tubes or duds conveying 
a fluid ſecreted in the brain, cerebellum, and ſpinal marrow. But, of late 
years, ſeveral ingenious phyſiologiſts have contended, that a ſecreted fluid 
was too inert for ſerving the offices performed by the nerves, and, there- 
fore, ſuppoſed that they conducted a fluid the ſame as, or fimilar to, the 
electrical fluid. | 


Two arguments chiefly ſeem to have led them to this concluſion. 


Firſt, The nervous energy appeared to them to be moved with prodigi- 
ous velocity. Thus, Dr Haller obferves how often a muſcle of any part 
could act in a minute; and ſuppoſing that, previous to every contraction, 
the nervous fluid moved from the brain to that part, has attempted to cal- 


culate its velocity *. 


But if the nerves are conſtantly filled or charged with their fluid or e- 
nergy, which, from our inſtantly perceiving injury done to every the moſt 
remote part, we have reaſon to ſuppoſe is the caſe, an impulſe given to 
that fluid at the brain may be ſuddenly communicated to the moſt diſtant 
organ, although the velocity of the fluid be very ſmall. Nay, in fact, we 

find, 


* Haller, El. Phyſ. L. x. and xi. L. x. p. 373. Ita invenio, ſummam tamen celeritatem eſſe muſ- 


cularis liquidi, ut non minus quam gooo pedes in minuto primo percurrat. 
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find, after cutting through the nerve of a muſcle; that, by irritating the 
nerve, repeated motions can be performed ; whereas, by Dr Haller's theory 


of great velocity from end to end of the nerve, as the nerve now wants 


ſupply from the reſervoir in the brain, the fluid ſhould be exhauſted by a 


ſingle effort of the muſcle. Such an argument as this no more proves that 


the nervous fluid moves with great velocity, than our letting out, in the 


ſpace of a minute, a hundred ſucceſſive drops of water from the end of a 
pipe, a mile diſtant from the reſervoir which filled it, would prove that 


the water was moving in that pipe at the rate of a hundred miles every 
minute. 


The other principal argument is more direct, and has been thought very 
concluſive, to wit, that ſome animals, as the torpedo and gymnotus elec- 


tricus, have the power of giving an electrical ſhock, and that, on diſſecting 
them, a piece of machinery, proper to them, is diſcovered, in which large 


and numerous nerves terminate. 


But, perhaps, all we can conclude from theſe facts is, that the nerves 
enable this machinery to perform its proper office of collecting the electrical 
fluid, but without directly furniſhing to it any of that fluid. Juſt as we, 
by rubbing a glaſs tube, excite electricity without there being any reaſon 
to ſuſpect that the electrical matter is, in particular, derived from the nerves 
of our hand, ſince the electricity could be as readily excited by the hand of 
a dead man, as by that of a living, rubbed againſt the glaſs with the ſame 


force. 


We ſeem, therefore, far from poſſeſſing poſitive arguments that the 
nerves operate by the medium of an electrical fluid, eſpecially if we add, 
that, after cutting a nerve acroſs, and again bringing its parts contiguous, 
its offices cannot be immediately reſtored. Nay, I have found in frogs, 


that, although the divided parts grow together again, the influence of the 


nerve beyond the inciſion is generally not recovered. On the other hand, 


the 
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the well known effects of compreſſion on the nerves of a ſound animal, and 
the experiment of producing repeated contractions of a muſcle by preſſing 
its nerve, after cutting it acroſs, ſeem to indicate that the energy depends 


on matter capable of being affected by ſimple preſſure. 


That the matter on which the energy depends 1s a ſecreted fluid, we are, 


indeed, far from being able to prove. 


But, to ſay that the offices of the nerves are not performed by a ſecreted 
fluid, merely becauſe we chnnot comprehend how any part of the blood, 
or any humour prepared from it, could render the mind ſenſible of an in- 
jury, or throw a muſcle into action, is, in my opinion, ſaying a great deal 
too much; for, in the generation of animals, effects more incomprehen- 
ſible and aſtoniſhing ſeem to depend on the ſecretion and mixture of the 
fluids of the teſtes and ovaria; the brain, the nerves, the nervous energy, 


and complex fabric of other organs, being thereby produced. 


6 EO. 0 
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Of the Uſes of the Nerves. 


HAT, by the medium of the nerves, we feel, and are enabled to per: 

form motion, is very generally agreed ; but many eminent authors 

have, at different periods, ſuppoſed that the nerves alſo contain or conduct 
the matter by which the body grows or is nouriſhed *. 


This notion I ſhall in the firſt place conſider. 


U GI A: Fs 


* Gliſſon, Charleton, Ent, Cole, Vieuſſens, Willis, Boerhaave, Santorinus, Mazinus, Kinneir, &. 
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N 


Whether the Nerves convey the Nouriſhment to our Organs. 


HREE chief arguments have been employed by thoſe who of late 
have maintained that the nouriſhment is conveyed by the nerves. 
| 2 
1. They pretend that the brain exiſts before the heart. 
2. That the limbs ſhrink in the palſy, becauſe the nerves are ſo diſeaſed 
as to be incapable of conveying the nouriſhing fluid. 
3. They ſuppoſe that a ſecreted fluid is not ſufficiently ſubtile and move- 


able for the purpoſes of ſenſe and motion, and, therefore, conclude that 


the fluid which they admit the brain ſecretes, muſt ſerve the only remaining 
purpoſe of nutrition. 


C I. 


Bur, on the firſt of theſe propoſitions, that the brain exiſts before the 
heart, I would obſerve, 


1. That it is contradicted by Dr Haller, who, after the moſt accurate ob- 
ſervations which have been made on that ſubje&, concludes, that there is 


merely an evolution of the parts of the foetus, without the addition of any 


new part *. 


OT 


Faller, Op. Minor, Tom. II. c. xv. p. 407. ſays, * Didici ea ipſa exempla quae credebam refutare 


* evolutionem, confirmare quam maxime Nihilque quidquam novi naſci.” 


EX RAY OUS enen . 79 


In the egg, at the end of 38 hours from the beginning of incubation, he 
could perceive the heart projecting from the breaſt ; and, at the end.of 45 
hours, he could diſtinguiſh its auricle, ventricle, and aorta, their motion, and 
the blood beginning to grow red : And he obſerves, that-its parts and their 
motion were not ſooner diſtinguiſhable from their ſmallneſs and pellucidity 
only *. To confirm which, we may obſerve, that the lungs and other or- 
gans, when firſt obſerved, were of ſuch ſize that they might eaſily have 
been ſeen long before, if they had not been pellucid T. But the head was 
not diſtinguiſhable till the 41ſt hour, the eyes not till the 51ſt, at the 
120th hour the brain was watery, and, fo late as the 168th hour, looked 


like mucus; and, at the 13 iſt hour, ſpontaneous motion of the foetus was 


firit obſerved T. 


2. Nay, independent of the actual obſervation of Dr Haller, does not 
the error of ſuppoſing the heart and veſſels to be wanting whilſt the animal 
is growing, appear manifeſt, if we aſk ourſelves the following plain que- 
ſtions; How has the brain itſelf, from being ſo ſmall as to be inviſible, 
grown ſo large as to be viſible? By what channels did it receive its own 
nouriſhment ? Or, by what means did the liquor, ſuppoſed to have been 
conveyed by the nerves to other organs for their nouriſhment and growth; 
make its way into thoſe nerves? Are we to ſuppoſe the brain and organs 


of 


* Haller, Op. Min. Tom. II- c. ix. p. 369. 410. Cordis in univerſum primum veſtigium vidi hora 
38 rotundum aliquid de pectore eminens. Dein hora 42 et cor vidi et aortam et motum . . . . . ſangui- 
nis rubiginoſi ex corde. Hora 45 tres veſiculas vidi et earum micationem, ut prima auricula ſubſiliret, 
inde ventriculus, demum aortae bulbus. Si cordis motus non prius oculis uſurpari poteſt, cauſa eſt in 
parvitate et pellucida natura ejus particulae. Non certe ideo nullus in eo organo ante eum diem mo- 


tus fuit, cum ab ejus unica vi celerrimum incrementum primi diei pendeat. 


+ C. x. Pulmones. Primum mihi adparuerunt 120 hora . . . . non ita parvi, quin etiam prius po- 


* tuifſent conſpici, niſi pellucidi fuiſſent.” 


Haller, Op. Min. Ovum 48. Horarum 41. Caput diſtinguo, p. 412. © Evolvuntur oculi hora 51. 


9. 361. Hora 120. Cerebrum aquoſum. p. 361. © Hora 131. Foetus primum motu ſpon- 


* taneo ſe concuſſit ——p. 362. Hora 168. Cerebrum mucoſum fuit. 
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of the foetus to be nouriſhed in one way before it gets its heart and veſſels, 
but in a different way after it gets them ? | 


In ſhort, as all the veins, whether lymphatic or red, convey their liquors 
directly to the heart, and, by the intervention only of the heart, to the 
brain, the exiſtence of the heart muſt precede the growth of the brain. I 
do not ſay, on the other hand, that the heart is formed before the brain; 
becauſe, as theſe two organs act upon each other in a circle, it appears to 


me manifeſt that they muſt be coeval. 
N 


C II. 


On the next argument, that palſied limbs ſhrink, as if the ſources of nou- 
riſhment were intercepted, I would obſerve, that this ſhrinking is to be ex 
pected, on the ſuppoſition that the arteries convey the nouriſhment ; for, 
firſt, Nuck found that the inferior maxillary gland did not properly ſecrete 
the ſaliva when its nerves were cut *. Surely we are not, therefore, to con- 
clude that the ſaliva is derived from the nerves. The proper concluſion is, 
that the organs of ſecretion are not mere ſieves, but poſſeſs feeling and ac- 
tivity, without which they are incapable of performing their proper offices. 
When, therefore, the nerves of a limb are palſied, it ſhrinks, becauſe the 
arteries are deprived of that degree of nervous energy which enables them 


to act properly in ſecreting and applying the nouriſhment. 


And to ſupport this way of reaſoning,' it may be remarked, that where, 
in conſequence of pain, luxation, fracture, laceration of a tendon, or other 
accident, ; limb is confined long to one poſture, it ſhrinks ; and that, on the 
other hand, exerciſing any limb much increaſes its bulk as well as ſtrength, 


ſhowing the effect of activity in nutrition. 


Next, 


* Nuck Sialographia 1690, p. 24. Si ligatura injiciatur in nervum ad glandulam tendentem, aut 
* tranſverſim diflecetur nervus, non tamen ideo ſecretionem ceſſare obſervabimus, ſed tardiorem ſolum- 


modo et magis lentam procedere. 
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Next, I would alledge that the degree of the ſhrinking of the limbs in 
paralytic caſes has been much exaggerated by ſome phyſiologiſts. For, al- 
though, in a few caſes, where the whole frame is unhinged, I have, indeed, 
ſeen it very conſiderable, yet, in general, though the feeling and motion 


be greatly unpaired, the loſs of fubſtance is not, after the diſeaſe has con- 
tinued for years, very diſtinguiſhable: 


Nay, a year after I had cut, in a living frog, the trunk of one of the 
ſciatic nerves, I could not obſerve that the limb, on which the experiment 


had been made; was fmaller than the other, though it continued to be with- 


out ſenſe or motion. 


V3 HOW » ty 6 III. 


Wirn reſpect to the third argument, that a ſecreted fluid is not ſuffi- 
ciently ſubtile and moveable for the purpoſes of ſenſe and motion, and, 
therefore, that the fluid conveyed from the brain by the nerves, as its 


ducts, muſt ſerve for nutrition, I have already remarked, that experi- 


ments do not certainly prove that the nervous energy is very ſubtile and 
. moveable. But next, ſuppoſing ſuch proof to be given, or that ſenſe and 
motion are not performed by a ſecreted fluid, I would aſk by what argu- 
ments we could, in that caſe, prove the brain to be a gland, and the nerve 
its ducts? As things now ſtand, although we know that we can intercept 
the influence of a nerve by a ligature, or by preſſure upon it; that, when 
the preſſure is ſuddenly removed, yhere is a thrilling and degree of pain, as 
if ſome matter had been accumulated, which now ruſhed down into the 
limb; and that, by preſſing a nerve after it is cut acroſs, we throw the 
muſcles into action, the proof that a nervous fluid exiſts is far from being 
ſatisfactory. How much, then, will that proof be weakened, when we de- 
ny that ſenſe and motion depend on a ſecreted fluid, and when, of courſe, 


we ſet aſide that evidence of a nervous fluid, which the above e eee 
ſeem to furniſh? : 


S E C T. 
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8: S040 IV. 


Bur, on this queſtion, we can, I apprehend, not only detect the fallacy 
of thoſe arguments which have been uſed to ſhow that the nouriſhment 1s 
conveyed by the nerves, but point out a variety of circumſtances which are 
inconſiſtent with ſuch an hypotheſis; and, on the other hand, we can, by 
decifive experiments and arguments, prove, that the arteries direQly ſecrete 


and apply the nouriſhment, without the intervention of the nerves. 


Without inſiſting farther on our uncertainty of the nature of the ner- 
vous fluid, and, indeed, of its very exiſtence, the following circumſtances 
are inconſiſtent with ' the idea that a fluid conveyed by the nerves nou- 


riſhes. 


1. On comparing different animals we are far from finding any corre- 
ſpondence between the ſize of their brain and rapidity of their growth, or 
quantity of nouriſhment they receive. 


Thus, though an ox be ſix times heavier than a man, his brain does not 
weigh above a fourth part of that of a man. Does his brain, then, pre- 
pare twenty-four times more nouriſhment than a portion equal to it of the 


brain of a man ? 


Nay, in the ſpace of two years, an ox comes to his full ſize, ſo that his 
brain muft be ſuppoſed to tranſmit through the nerves daily two or three 
pounds of fleth, bones, &c. whilſt the much larger brain of the man has 
not, in the ſame time, added to his weight above a fiftieth part of the in- 
creaſe of the weight of the ox. Or, the brain of the ox, beſide repairing 
the waſte of a much larger body, is, by ſuch an hypotheſis, adding to his 
weight, in any given period, two hundred times as much as an equal por- 
tion of the brain of the man adds to his bulk. 


Suppoſe, 
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Suppoſe, then, both animals to be fed on milk, we muſt believe that the 
milk paſſes two hundred times quicker through every medullary fibre of 
the brain of the ox than through the medullary fibre of the brain oi the 


man. 


2. In monſters, I have found the limbs very plump, though the brain 
was very ſmall*, Nay, in ſome monſters, the head has been wanting, yet 
the limbs were as large and perfect as common. In other monſters with 
one head and two bodies, I have found that the brain furniſhed the nerves 
of the head and ſpinal marrow on the right ſide of the monſter; yet the 
left ſpinal marrow, at the top of which there was only a ſmall medullary 
knob, about the ſize of a large pea, was as perfect as the right one, and 
that body and its limbs were as large and well nouriſhed as thoſe on the 
right fide 7. On the other hand, where there were two heads of the or- 


dinary ſize, and only one body, the limbs were not remarkable for their 
ſize J. 


3. We ſee that organs, of which the nerves are ſo ſmall that we cannot 
trace them by diſſection, as the bones, the placenta, &c. grow as quickly 


as the other organs in which the nerves are large and numerous. 


4. A year after I had cut acroſs the ſciatic nerve of a living frog, I could 
not perceive that limb ſmaller than the other, yet it continued to be inſen- 
fible and motionleſs. Nay, when I had broken the bones of the inſenſible 
limb, or wounded the ſkin and fleſh, I found that the callus formed, and 
the wounds healed as readily as if the nerve had been entire. The event 


was the ſame, after dividing, tranſverſely, the lower or poſterior end of 
the ſpinal marrow of the frog. 


5. Can 
Tab. VII. 


+ Tab. XII. Fig. 3. 4. 
1 Tab. VIIL * * 
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5. Can we imagine that our organs, varying ſo greatly in colour and con- 
 fiſtence, are nouriſhed by the nerves which ſeem uniform m their appear- 


ance ? 


6. To conclude with an argument againſt this hypotheſis which may be 
conſidered as an argumentum crucis, it is well known, that, if powder of mad- 
der root is mixed with the food of a young animal, the bones become red; 
or, if a bone has been broken, that the callus joining its parts will be red. 
The ſerum of the blood, in the firſt place, is deeply tinged ; but the red 
colour of the bones is not tolely, nor even chiefly, owing to the coloured 
ſerum or blood circulating; for I have found, that, after injecting water 
into the veſſels till theſe were emptied of the blood, and that the water 
came out colourleſs, the tinge in the bones appeared equally deep, and 
was, therefore, plainly owing to a great quantity of the red earth added 
to the bones in the time of their growth. But this earth was not tranſ- 
mitted by the nerves; for the colour of theſe, as I found, remained un- 

changed. 


CER V. 
WHEN, on the other hand, we direct our attention to the offices of the 


arteries, a variety of circumſtances crowd upon us, which concur in ſhow- 


ing, that, from their extremities, the nouriſhment is directly ſupplied. 


1. The thoracic duct conveys the chyle into the red veins, which termi- 
nate in the right fide of the heart, ſo that the chyle comes to be intimately 
incorporated with the whole maſs of blood in its paſſage through the lungs, 
inſtead of taking a particular direction towards the brain. 


2. The chyle, in the general courſe of circulation, is converted into blood, 
the glutinous matter of which, called coagulable lymph, much reſembles 
the glaire of an egg, and ſeems equally fit for the growth or reparation of 
the parts of an animal. Nay, ſome late writers, who contend that nouriſh- 


ment 
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ment is conveyed by the nerves, ſuppoſe that they perform their office by 
ſeparating this gluten from the blood. So that the chief or only remaining 
queſtion ſeems to be, Whether the extremities of the arteries or the nerves 
are to be ſuppoſed to perform the ſecretion of it, and nutrition of courle ? 
Now, without repeating our extreme uncertainty as, to the tubular na- 
ture of the nerves, and the improbability that canals ſo exceedingly minute 
as thoſe within the nerves muſt be, and of ſuch length, are deſtined for 


the conveyance of glue, do we not find that this very matter is ſeparated 


by the exhalant branches of the arteries. of the peritoneum, pleurae, and o- 


ther ſhut ſacs,” and univerſally, by the branches of the arteries of the cel 


lular membrane ? 


In like manner, is not the glaire of an egg, the nouriſhment intended for 
the chick, ſecreted and prepared by the arteries of the Hen? 
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3. The kinds of matter neceſſary for the growth and nouriſhnient of but 
ſeveral organs are ſo various and different in their nature, that it is altoge- 
ther incredible they can be furniſhed by the nerves. Thus, water is need- 
ed for the extenifion' of the fore part of the eye, viſcid matter for the cry- 
ſalline and vitreous humours, earth for the growth of the bones, &c. 


Whereas we can as eaſily conceive theſe'to be furniſhed by the arteries, as 


that, in one place; they ſhould furniſh ſaliva, in another the bile, in a 
third the ſemen; and ſo on. * | 

ron dou asf J 0) Sqo01912fitt u 

4 Iniſeveral 8 an increaſe of ſecretion from the arteries produces 
effects which we very univerſally aſcribe to an increaſe of nutrition. Thus, 
the weight of the humours of the eye increaſes after birth: Or when a 


perſon; reduced by i tedious fever, has grown plump again, we conceive 


that a quantity of fat has been ſecreted into the adipoſe follicles. Nutrition 
and ſecretion by the arteries are, in ſuch inſtances, ſynonymous terms. 
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5. As the waſte of the ſeveral organs is carried off by» the veſſels, either 
circulating or abſorbent, for we have not yet heard of abſorbent nerves, 
though, indeed, hypotheſes not leſs extravagant. have, of late, been print- 
ed on this ſubject, why ſhould. we doubt, that the circulating: fluids. can 
add a particle in the place of one that has been carried off, or that an ar- 
tery can ſupply what has been abſorbed by a lymphatic vein? As itt is 
granted that the ſecretion of all other kinds of matter in the bodies of ani- 
mals is performed by the branches of the arteries, is it not incredible, that 
there ſhould be an exception to the general rule in the ſeeretion of the nou- 
rihhment? Surely, that por which can convert the food into blood, and 
can change the blood into bile and ſemen, is ſufficient to convert it into 
nouriſhment. 


6. I have endeayoured to ſhow. that the red colour produced by madder 
in the bones, or in their callus, in a living animal, is owing to a ſecretion 


I have further obſerved, that callus; and cicatrice are as readily. produced 
in the hind legs of a frog, after cutting, tranſverſely, its ſpinal marrow: or 
ſciatic nerve, as when the nerves are entire, I will now; add, that, in calli, 
cicatrices, or accretions, there are numhexleſa newifprmed i veſſels filled, in 
the living animal, with red blood, and vhich can readily be injected . Nay, 
I found, by the following experiment, proof of a fact which it was difficult 
to aſcertain by the application of the microſcope, to wit, that ſuch new- 
formed veſſels, produced, from, the appoſite, ſides of, a ound, unite into 
continued canals or anaſtomaſe., I. made, firſt, a, longitudinal incinon 
through the Kin, and muſcles, and peritoneum of the, abdamen of a living: 
pig · I then ſewed together accurately the, ſideg of the wound, and, after 
ſome. weeks, found that they, were firmly reunited. I then, killed. the pig, 
and made a longitudinal inciſion into, its abdomen, parallel with, and about 


two 


* See Tab. XLVI. 
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two inches diſtant from the former inciſion, and two tranſverſe inciſions; in- 
terſecting the longitudinal inciſions lower than the upper end, and higher 
than the under end of the cieatrix. By this means 1 had ſurrounded an 
oblong ſquare portion of the containing parts of the abdomen by my inci- 
ſions. Yet when, after all, I threw an injeQion into the aorta, I found it 
had filled a number of veſſels in the oblong ſquare portion *. 

If then, in a callus, new earthy or oſſeous fibres, and new veſſels, can be 
formed by the original arteries, muſt we not believe that the waſte of this 
earth, and of. thoſe veſſels, can be ever after ſupplied by the arteries which 
formed them? If ſo, are we not to conclude that the waſte of other arte- 
ries, and of. 2 ſupplied in the ſame manner from the arte- 


ries ? nil 


1 10 ting 213 ctent 41: 

7. I the quantity of blood naturally circulating through a lunb be dimi- 
niſhed, as by tying the trunk. of the brachial artery in the operation for an 
anepriſm; the-arm. loſes part of its ſtrength and ſize; but the loſs is leſs than, 


at firſt, ſight, might be expected, „ ſoon come 
to be greatly enlarged. 


| Upon the whole, I apprehend, there are few points in phyſiology ſo 
clear as, | 


* 
7 "* 


ike That the arteries prepare and dredlly ſecrete the nouriſhment in all 


our organs. 


ul -— the arteries to 20 ee contribute indirectly to nutrition. 
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Of Senſation. 


i 
" T AVING' endeavoured to prove that the nerves ſerve only for ſenſa- 
tion and motion; I ſhall next treat of circumſtances which relate to 
the exerciſe of each of theſe two functions: And firſt,” of Senſation. 


* 
3 N * * | 7 1 * 
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When an impreſſion is made on any organ, the nerves of which are en- 
tire and connected with the brain, we feel, and are conſcious of the im- 
preſſion: But if a nerve is cut, even at its exit from the cranium, or if the 
ſtructure of the ſpinal marro w is injured at its upper end v, re not con- 
ſcious of any injury done to our organs beyond che place where the nerve 
is divided: Hence authors, not without the appeartitice' of reaſon, have 
| ſuppoſed; that the living and feeling principle, which v commonly call 
the mind of the animal, is ſeated within the head, and occupies there a 
ſenſorium commune. | 


t yoolonyde my sj wat ors 51913 bavdonggs” I lor, gd uo | 

But although, beyond the place at which a nerve is cut, or in a member 
| amputated, a wound does not excite pain ; yet, in conſequence of that 
wound, effects follow which we cannot account for» oh” mechanical 


principles. | Agi [11/4 


Thus; a flight puncture of the heart of à frog; ſeparated from its body, 
throws all its fibres into violent motion: Such a cauſe appears fe diſpro- 
portionate to its effects, that we cannot help conceiving that ſome living 
_pringiple; has heen influenced: Or that there are two kinds of feeling, one 
with, and another without conſciouſneſs; the latter, perhaps, reſembling 

| 17.0% der 2 chat 


Of this I have ſeen one remarkable example. 
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| that kind of feeling which we muſt ſuppoſe inherent in vegetables, and in 
conſequence of which their veſſels are ſo actuated as to produce ſtill more 
numerous and wonderful changes on the fluids they convey and ſecrete, 
than are to be obſerved in the animal kingdom. 

Before venturing to be more explicit, we ſhall proceed to conſider the o- 
ther primary office of the nerves, to wit, their enabling the muſcular or- 
gans to act. | 45 
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Of the Termination of the Nerves in the Muſcular Organs ; 
and whether Muſcles poſſeſs a Vis Inſita different from the 


Vis ' Nervea. 


% 


— 


ee 


OME eminent writers have ſuppoſed that the muſcular fibres are the 


continuation of, or are formed by the nerves *, and of late years they 


have been called the moving extremities of the nerves. 


But the following circumſtances are inconſiſtent with ſuch an hypo- 
theſis. | 


1. Muſcular fibres, in conſequence of their office, have conſiderable 
ſtrength and toughneſs ; whereas the nerves, even when covered with their 


pia mater (which thoſe very authors ſuppoſe them to lay aſide at their ter- 
minations) are pulpy and ſoft. | 


2. That matter which we know for certain to be medullary or nervous, 


does not appear to be endowed with the power of contracting when irri- 
tated, 


3. As the nerves conſiſt of threads laid parallel to each other, and which 
do not, like the blood-veſlels, divide into branches, the bulk of which 
greatly exceeds that of the trunks which produce them, how are we to 


conceive that a ſmall nerve can form a large maſs of fleſh ? 


4. If 


* Cole, Santorinus, Boerhaave, Inſt. p. 395. 
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4. If the muſcles were formed by the extremities of the nerves; they 
ſhould ſhrink very remarkably on cutting the nerves, inſtead of which, I 


have obſerved no ſenſible alteration in the appearance of the muſcles of the 


thigh and leg of a frog upwards of a year after I had cut acroſs its ſpinal 


marrow or ſciatic nerves. 


Muſcles, or muſcular fibres, ſeem, therefore, to be organs ſui generis, not 
produced by the nerves, but merely influenced by the energy they convey; 


83 0 F. II. 


NoTwITH8TANDING the above concluſion, that the muſcles are machines, 
the eſſential baſis of which is not derived from the termination of the 
nerves, we ought not, I apprehend, to adopt the idea of Dr Haller, that 
muſcles are not only thrown into action by the vis nervea, but act alſo by 


a vis infita, differing from, and unconnected with the vis nervea. 


The chief experiment which ſeems to have led Dr Haller to this opinion, 
is the well known one, that the heart and other muſcles, after being de- 
tached from the brain, continue to act ſpontaneouſly, or by ſtimuli may be 
rouſed into action for a conſiderable length of time; and when, ſays Dr 
Haller, it cannot be alledged that the nervous fluid is, by the mind, or o- 


therwiſe, impelled into the muſcle, 


That, in this inſtance, we cannot comprehend by what power the ner- 
vous fluid or energy can be put in motion, muſt, perhaps, be granted. 
But, has Dr Haller given a better explanation of the manner in which his 


ſuppoſed vis inſita becomes active? 


If it be as difficult to point out the cauſe of the action of the vis inſita 
as that of the action of the vis nervea, the admiſſion of that new power, in- 
ſtead of relieving, would add to our perplexity. 
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We ſhould then have admitted, that two cauſes, of a different nature, 
were capable of producing exactly the ſame effect, which is not, in general, 
agreeable to the laws of nature. | 


We ſhould find other conſequences ariſe from ſuch an hypotheſis, which 
tend to weaken the credibility of it. For inſtance, if, ig a ſound animal, 
the vis nervea alone produces the contraction of the muſcles, we will aſk 
what purpoſe the vis inſita ſerves? | 

If both operate, are we to ſuppoſe that the vis nervea, impelled by the 
mind or living principle, gives the order, which the vis inſita executes, 
and that the nerves are the internuntii, and ſo admit two wiſe agents em- 


ployed in every the moſt ſimple action? 


But, inſtead of ſpeculating farther, let us learn the effects of experiment, 


and endeavour from theſe to draw plain concluſions. 


1. When I poured a ſolution of opium in water under the ſkin of 
the leg of a frog, the muſcles, to the ſurface of which it was applied, 
were very ſoon deprived of their power of contraction. In like man- 
ner, when I poured this ſolution into the cavity of the heart, by opening 
the vena cava, the heart was almoſt inſtantly deprived of its power of mo- 


tion, whether the experiment was performed on it fixed in its place, or cut 
out of the body. 


2. I opened the thorax of a living frog, and then tied or cut its aorta, 
ſo as to put a ſtop to the circulation of its blood. 


I then opened the vena cava, and poured the ſolution of opium into the 
heart, and found not” only that this organ was inſtantly deprived of its 
powers of action, but that, in a few minutes, the moſt diſtant muſcles of 


the limbs were extremely weakened. Yet this weakneſs was not owing to 


the 
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the want of circulation, for the frog could jump about for more than an. 


hour after the heart was cut out. 


In the firſt of theſe two experiments we obſerve the ſuppoſed vis inſita 
deſtroyed by the opium, in the latter the vis nervea; for it is evident 
that the limbs were affected by the ſympathy of the brain, and of the ner- 


vous ſyſtem in general, with the nerves of the heart. 


3. When the nerve of any muſcle is firſt divided by a tranſverſe ſection, 
and then burnt with a hot iron, or punctured with a needle, the muſcle in 
which it terminates contracts violently, exactly in the ſame manner as 
when the irritation 1s applied to the fibres of the muſcle. But when the 
hot iron or needle is confined to the nerve, Dr Haller himſelf muſt have 


admitted that the vis nervea, and not the vis inſita, was excited. 


But here I would aſk two queſtions. 

Firſt, Whether we do not as well underſtand how the vis nervea is ex- 
cited when irritation 1s applied to the muſcle, as when it is applied to the 
trunk of the nerve, the impelling power of the mind ſeeming to be equally 


wanting in both caſes ? 


Secondly, If it appears that irritation applied to the trunk of a nerve ex- 
cites the vis nervea, why ſhould we doubt that it can equally well excite it, 
2 


when applied to the ſmall and very ſenſible branches and terminations of 


the nerve in the muſcle ? 


As, therefore, it appears that the ſuppoſed vis inſita is deſtroyed or ex- 
cited by the ſame means as the vis nervea, nay, that when, by the appli- 
cation of opium to the heart of a frog, after the aorta is cut and the cir 
culation interrupted, we have deſtroyed the vis inſita, the vis nervea is ſo 


much extinguiihed, that the animal cannot act with the diſtant muſcles of 


A. a the 


\ 


94 OBSERVATIONS ON THE 


the limbs, and that theſe afterwards grow very torpid, or loſe much of 
their ſuppoſed vis inſita, it ſeems clearly to follow, that there is no juſt 
ground for ſuppoſing that any other principle produces the contraction of 


a muſcle. 


4. An ingenious gentleman, Dr Thomas Smith phyſician at Birming- 
ham, who, in 1767, publiſhed, in this place, an excellent Inaugural Diſ- 
ſertation on muſcular action, after having read, in manuſcript, an ac- 
count of the above experiments on opium, which I had communicated to 
the Philoſophical Society of Edinburgh in 1761, and which were publiſh- 
ed 1771, Phyſ. Ef. Vol. iii.“; and after having, in 1764, when he did me 
the honour of attending my lectures, heard the above application of them, 
has propoſed the ſame opinion, that there is no vis inſita different from the 
vis nervea; adding, in farther confirmation of it, that ſaline bodies, and 
particularly common ſalt, which powerfully excite the ſuppoſed vis inſita 
when applied to the muſcles, had a ſimilar effect on the vis nervea when 


applied to the trunk of the nerves. 


5. Before quitting this ſubje&, I would obſerve, that, if it ſhall appear 
that muſcles, when irritated, poſſeſs ſome degree of vibration many days 
after their nerves have been cut, this may be explained from attending to 
the facts formerly mentioned, with the view of proving that the nerves, 
in their whole courſe, reſemble the brain in ſtructure, and, as they pro- 


ceed, receive an addition of nervous energy. 


CH A EF 


* See Dr T. Smith's Tentamen Inaugurale, Edin. 1767, p. 45: 
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Of the Manner and Cauſes of the Actions of the Muſcles. 


N the ii place, we know that by far the greater number of motions 
we perform ſeem to be regulated by the will; and hence the muſcles, 


which perform theſe motions, have been very generally called voluntary 


muſcles. 


Other motions ſeem to be ſpontaneous. In ſome of theſe; we are ſen- 
ſible of a ſtimulus, or uneafineſs, which precedes the motion; in others; 
this ſtimulus is overlooked or not to be felt. In almoſt none of them are 
we conſcious that our will interpoſes in directing the mode of action. Nay, 
it is evident, that we cannot ſuppoſe that the will interpoſes in directing 


the mode; becauſe, not only the muſcles themſelves, but the effects of 


them, are unknown to us. 


To illuſtrate this ſubject, I ſhall briefly enumerate the chief ſpontaneous 
motions of animals, in the-order in which I apprehend they ought to be ar- 


ranged when we mean to inveſtigate their cauſes. 


F200 T I. 


1 8HaLL begin with thoſe examples in which the irritation that produces 
the motion 1s at a diſtance from the muſcles which perform it, and, by 


degrees, proceed to thoſe in which the active organ is directly ſtimulated. 


1. The iris is contracted in proportion to the quantity of light which 


* 3mpreſles the retina, if the retina is in a ſound ſtate: | 


But 
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But in ſome caſes of hydrocephalus internus, in which the retina ſeemed 
\to have very little ſenſibility, I have ſeen the pupil remarkably dilated when 
the eye was expoſed to a bright light, and, when the light was removed, 
it was ſenſibly leſſened *. 


When a perſon examines an object brought near to the eye, the pupil is 
contracted, although the object be of a black colour, ſo as not to affect the 
eye by an increaſe of light. With this obſervation let us connect another, 
to wit, that, when a ſmall yrinced book is brought ſo near the eye, that its 
letters begin to ſeem confuſed and intermixed, if we interpoſe a card, with 


a very ſmall hole in it, the letters are again ſeen diſtinctly. 


In one ſpecies of bird, the parrot, I long ago remarked, that the pu- 


pil was affected by the paſſions of the mind of the animal, independent of 
the light upon the eye. 


2. When a ſound is made ſuddenly, not only the external ears of a qua- 
druped are moved, but it has been, with great probability, ſuppoſed, that 
the internal muſcles of the ear act at the ſame time. 

3. If the noſe is violently irritated, we ſneeze; if the throat or ſtomach, 
we vomit; if the inner membrane of the lungs, we cough; if the rectum 
or gravid uterus, the ni parts of the abdomen contract ſtrongly 


and readily. Every one of thoſe actions is complex, yet regular. 


4. The motion of the blood in the lungs, and a proper change of air, are 
promoted by ordinary reſpiration. But, according to the quality or quan- 
tity of the blood or air within the lungs, we may obſerve the manner of 


reſpiration varied. 


5. By 


I ſhowed this, in one caſe, to Dr N. Spens in 1770; and in another, very lately, to Dr D. Ru- 
therford. 
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5. By the irritation of the external organs of generation, the diſcharge of 


the ſemen is made in the male; and, in the female, the uterine tubes lay 
hold of the ovaria. 


6. When the bladder of urine is to be emptied, a preſſure is firſt made 
upon it by the contraction of the diaphragm and abdominal muſcles ; af- 
terwards, by the ſteady and uniform contraction of its own muſcular coat; 
the urine 1s propelled. | 


7. When wholeſome food is received into the ſtomach and inteſtinal tube, 


theſe perform elegant and complex motions, called periſtaltic and antiperi- 
ſtaltic. | 


8. If, inſtead of ordinary food, a hurtful ſubſtance is taken into the ſto- 
mach, the antiperiſtaltic motion gets the better of the periſtaltic, and 
comes to be aſſiſted by the diſtant muſcles, which are ſo ſituated as to be 
able to compreſs the ſtomach, or the perſon vomits. But, when the hurt- 
ful matter is within the colon, or rectum, whether it has deſcended from 
above, or been injected from below, the periſtaltic motion is greatly in- 


creaſed, and the ſubſtance 1s diſcharged downwards. 


In the pecora, for inſtance, in the cow, we find not only a complex 
ſtructure and action of the four ſtomachs, but that action will be found to 
be varied according to the kind of food, or the changes it has undergone. 
The cow fed on graſs ruminates, or chews the cud; but, in the calf, whilſt 
fed on milk, I have not obſerved rumination ; yet, from the quantity of 
milk the calf ſucks, there can be no doubt that the firſt ſtomach ferves as a 
receptacle for the milk. In the cow, then, the crude graſs paſſes from the 
mouth into the firſt ſtomach, and is afterwards, in ruminating, brought 
back into the mouth, in order to Be more thoroughly chewed. When 
ſwallowed a ſecond time, it is conveyed into the ſecond, and from it into 
the third and fourth ſtomachs. But the milk paſſes from the firſt ſtomach 

B b of 


98 OBSERVATIONS ON TH E 


of the calf directly into the other ſtomachs. Nay, from the ſtructure of a 
gutter which leads from the oeſophagus, through the ſeveral ſtomachs, it is 
evidently intended that drink ſhould, on particular occaſions, paſs from 
the oeſophagus directly into the third or fourth ſtomachs, without enter- 
ing the firſt or ſecond ſtomachs. | 

In like manner, in quadrupeds and birds, the inteſtina caeca muſt be 
filled by a regular action of the muſcular coat upwards, and emptied by that 


motion reverſed. 
1*3. 
10. When the blood irritates the auricle or ventricle of the heart, theſe 
contract with ſo ſudden a jerk, that the blood is thrown from them nearly 


in the ſame manner as if a blow had been given to theſe organs by an exter- 


nal agent. Hence, perhaps, we cannot, as Dr Hales has ſuppoſed, de- 
termine the force of the heart by obſerving the height to which the blood 


aſcends in a tube inſerted into a large artery, or we {hall only be able to de- 


termine that when we can reduce to calculation the effe& of the vis percuſ- 
ſionis. Me; 


The force and frequency of the action of the heart are generally propor- 
tioned to the quantity and quality of the blood. But, when a very great 
quantity of the blood has been loſt by a wound, the pulſe becomes more 
inſtead-of leſs frequent. From which we may obſerve, that the action of 


the heart is regulated not merely by the quality or quantity of the blood, 
nor by the diſtenſion of the ſides of the heart, but alſo by the uſes which 


an increaſe of the frequency of its actions may ſerve. 


The action of the heart is alſo greatly influenced by the paſſions of the 


mind. 


11. When 
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11. When the muſcle of a living animal is laid bare, and punctured, or 
otherwiſe irritated, it acts ſomewhat in the way the ſubcutaneous muſcle 
of a horſe does when his ſkin is ſtung by a fly. 


12. Several of the above mentioned actions are varied in force and fre- 
quency after the mind has been diſturbed by its proper paſſions: 


13. Over ſome of theſe actions the will poſſeſſes power, as over reſpira- 
tion. This power is not, however, abſolute, but limited. | 


8-0-0 IT. 

An unprejudiced reader, after reviewing theſe facts, would probably be 
much ſurpriſed to learn, that men of genius and knowledge had attempted 
to prove, that ſuch various and complicated actions were produced by the 
mechanical ſtructure of the bodies of animals; and, particularly, that they 
chiefly, or entirely depended on the connection which our different nerves 


have with each other, by being incloſed in the ſame ſheaths of the dura and 
pia mater, or by being joined in ganglia. 


Whilſt ſuch notions were prevalent in ſome part of this, as well as in 
other univerſities, I thought it neceſſary, in order to detect the fallacy 
more clearly, to treat of the ſubje& at conſiderable length, and to ſtate and 
conſider all the principal examples of ſympathy mentioned by authors, and 
to point out the real cauſes of the various actions. But as, of late years, 
ſuch theories have been gradually loſing ground, and are now become al- 
moſt obſolete, I ſhall content myſelf with copying verbatim the general 
heads of my objections to the doQrine of ſuch ſympathy on mechanical 
principles, on which I have le&ured in 1758, and from that to the preſerit 


time, 


That we are not, from connection of nerves, to explain the regular mo- 
tions of our different organs produced by gentle and uſual ſtimuli, is proved 
by the following obſervations. 


1. Muſcles 
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1. Muſcles ſupplied by the nerves irritated, often do not a&, but others 
at a diſtance. Thus, when the outſide of the fore-arm is burnt, not the 
extenſors, but the flexors of the fore-arm act and remove it from the of- 


fending cauſe. 
2. Muſcles moſt connected by their nerves do not fympathiſe moſt. 


3- Sympathy 1s not to be traced the reverſe way. 


4. Muſcles ſupplied by intermediate nerves are at reſt. 


5. The ſame nerve, irritated in different parts, produces different mo- 


tions. 


6. The ſame nerve, gently and violently irritated, produces different mo- 
tions. 


7. The ſame nerve accuſtomed to the ſtimulus, acts leſs, or not at all. 


8. Antagoniſt muſcles receive nerves from the ſame roots. 


9. There are many ſympathies where a connexion of nerves is not to be 


traced. o 
10. Many impulſes affect the mind firſt. 


11. Affections of the mind, without the preſence of external objects, 
produce the ſame effects *. 


Upon 


* As the late ingenious Dr Whytt, in 1765, publiſhed a Treatiſe on the Sympathy and Diſeaſes of 
| the Nerves, in which many of the above arguments againſt the then common account of the cauſe of 
the 
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Upon the whole, it appears, 1, That the actions above mentioned can- 


not be accounted for on the yet known principles of mechaniſm. 


2dly, We obſerve, that the muſcular fibre varies its operation according 


to the purpoſe to be ſerved. That, for inſtance, when a muſcular fibre is 
punctured, it vibrates, which is the ſitteſt means of throwing off the of- 
fending cauſe ; that the alimentary canal, acted on gently by the food, per- 
forms a very complex periſtaltic motion; that. the abdominal muſcles a& 
ſlowly and ſteadily in expelling the contents of the rectum, but ſuddenly and 
convulſively in vomiting ; that the bladder of urine, from which there is a 
ſmall outlet, performs a ſlow and uniform contraction in diſcharging its 


contents; whilit the heart contracts with a jerk. 


3dly, The more we conſider the various ſpontaneous operations, the 


more fully we ſhall be convinced that they are the beſt calculated for the 


preſervation and well-being of the animal. 


Hence we are led to the concluſion, that they muſt be directed and con- 


ducted by a wiſe agent, intimately acquainted with the ſtructure, and with 


all the effects it is capable of producing. 


For the purpoſes of phyſic, it may, perhaps, be ſufficient to know the 
ſtimuli which excite the ſpontaneous motions ; the manner in which they 
are performed; and to be convinced that we cannot account for them from 
the known texture of the body, or from the yet known principles of me- 


chaniſm. 


C c But 
the ſympathy of nerves are mentioned, I think it neceſſary to obſerve, that I had delivered all the above 


arguments in my courſe of lectùres, eight years before Dr Whytt printed on that ſubject, and three 


years before he wrote and delivered lectures upon it. 


| 
| 
| 
| 
, 
1 
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But as thoſe philoſophers, who have endeavoured to point out the na- 
ture of the agent which directs theſe motions, appear to me to have fallen 
ſhort of their mark, I cannot help venturing one ſtep farther. 


F 


One claſs of philoſophers has ſuppoſed that our mind, intimately ac- 
quainted with the texture of the body, reaſons upon, and thereafter per- 
forms the ſeveral actions“: Whilſt philoſophers of another claſs ſuppoſe the 
mind to be the agent, yet f deny that ſhe underſtands the texture of the 
body, and, therefore, make a concluſion, not very intelligible, that the 


mind is neceſſitated to act in certain ways f. 


As many actions are obedient to our will, we are, at firſt ſight, very 
apt to ſuppoſe that our mind is the ſole agent in thoſe actions; and, by an 


eaſy tranſition, to infer that the mind is the ſole agent in all our actions. 


But, when we reflect, we find that we are only conſcious of having will- 
ed or wiſhed that a certain action, the bending of the fore- arm, for in- 
ſtance, were performed; but without being conſcious of the ſtructure of 
the muſcles employed, or even being ſenſible of any effort made by our 
mind for the purpoſe of determining nervous energy into them. Though, 
therefore, the mind is conſcious of willing to perform certain motions, yet 
there is leſs certainty than ſeemed to be at firſt ſight, that the nervous e- 
nergy is, by our mind alone, thrown into the muſcles which are fit for ex- 


ecuting thoſe motions: 


But if we are doubtful that the mind is the ſole or chief agent in the vo- 
luntary actions, we mult be ſtill more ſo with reſpe& to the ſpontaneous 
actions, as, in moſt of theſe, we are ſo far from willing that certain _- 
tions ſhould be performed in a particular way, that we have no know- 


ledge of their being at all performed. 


Unleſs, 
* Stahl, and his followers. 
+ Dr Whytt on Vital and Involuntary Motions. 
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Unleſs, therefore, we ſuppoſe the mind to poſſeſs powers of which it 
has no conſciouſneſs, theſe actions cannot be alledged to be directed by it. 


But further, unleſs we ſuppoſe the mind to be an intelligent being, poſ- 
by experience, we muſt refer theſe operations to ſome higher ſource. 


A child, at birth, breathes in the moſt regular manner; cries when hurt; 
ſucks, ſwallows, coughs, ſneezes, vomits, expells the faeces and urine, 


&c. yet all theſe are complex actions of which it has had no experience. 


The account which ſome of the moſt eminent authors have given of the 
cauſe of theſe functions, on mechanical principles, or principles which may 


be called mixed, as including certain feelings with mechaniſm, muſt, when 


duly conſidered, appear unphiloſophical in the higheſt degree. 


Thus, Dr Haller accounts for the firſt reſpiration of a child after birth, 
by ſuppoſing that it has been dreadfully mauled in the time of birth, agd 
that it is endeavouring to expreſs its hurts by crying *, or that, in queſt 


of the liquor amnii, it takes down the air by chance . 


Now, without obſerving that a child, or the mature foetus of any ani- 
mal, extracted by the Caeſarean operation, breathes in the ſame manner 
as when delivered in the ordinary way, I would ſay that crying is a more 
complex operation than ordinary reſpiration; and I would aſk two queſtions, 
firſt, Who inſpired the child with the deſire or inſtin& of crying, or of ex- 
preſſing the need it has of aſſiſtance? And, next, How the child knew the 


manner of crying ? 


Dr 


* Haller, Com. in B. Pr. Tom. v. P. 2. pag. 464. 


+ Haller, EI. Phyſ. Tom. iii. L. 8. p. 318. © Cibum quaerit in quo natabat, atrem invenit, cae- 


* terum non excluſero quiritationis molimina,” 
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ſeſſing innate knowledge, or far more knowledge than it could have acquired 


—— 
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Dr Haller, then, inſtead of ſolving the problem he had undertaken, 
merely ſtarts another, equally difficult of ſolution, depending on ſimilar 


principles. 


In like manner, Dr Haller tells us, that a child after birth can ſwallow, 
becauſe, before birth, it was in the practice of ſwallowing the liquor amnu. 
But ſuppoſing the liquor amnii to be ſwallowed, I would aſk how it got 
down the firſt mouthful it took of that liquor? And how, immediately af- 
ter birth, it ſucks, ſneezps, coughs, &c. functions of which there could 
have been no experience in the womb? 

* When we throw into the ſcale the various effects of what has been com- 
monly called the inſtin& of animals, does it not appear, that the moſt juſt, 
as well as moſt becoming concluſion we can draw, is, that the Power 
which created all things, which gave life to animals and motion to the 
heavenly bodies, continues to act upon, and to maintain all, by the un- 
ceaſing influence of a living principle pervading the univerſe, the nature of 
Wich our faculties are incapable of duly comprehending ? 
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7 table ſhows, in a foetus calf, the ſtructure of a plex- 
us formed by the internal carotid artery, called by Ga- 
len Rete Mirabile. 


A The top of the arteria carotis communis. 

B External carotid arteries. 

C Several arteries which ſupply the place of the ſingle internal carotid in : 
man. 

D Numerous ſmall ſerpentine branches irito which theſe arteries are ſubdi- 
vided in their progreſs through the cranium. 

E Theſe branches joining again into F, the principal trunk of the inter- 
nal carotid artery within the head, and which afterwards divides into 


branches reſembling thoſe in the human ſubject: 


Dd | TABLE 
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| this table the human cranium, the brain, and the noſe, 
are repreſented cut perpendicularly, cloſe to the right ſide 


of the falx cerebri and ſeptum narium. 


AA The ſection of the cranjum. 
B Part of the right frontal ſinus. 


C Part of the right ſphenoidal ſinus. 


D The nafal lamella of the ethmoid bone; E the vomer; and F a carti- 
lage, compoſing the ſeptum narium. 

G The opening from the left fide of the noſe into the throat. 

H The root of the mouth and teeth of the left fide of the upper jaw. 

I Cancelli of the cuneiform proceſs of the occipital bone, and from it, up- 
wards to the ſella turcica K, numerous and large cancelli were continued 
in this ſubject. Cit: 30 þ 

LL The root of the falx. 

MM The inner fide of the left hemiſphere of the brain. 

NA ſection of the corpus calloſum. 

O The ſeptum lucidum. 

The body of the fornix. 

Q Q The two anterior crura of the fornix. 

R A ſection of the commiſſura cerebri anterior. 

S The paſſage by which the lateral ventricles: of the brain communicate 
with each other, and with the third ventricle, 

T The left ſide of the third ventricle ſituated under the left thalamus nervi 
op | 

U The infundibulum at the bottom of the third ventricle. 

V The glandula pituitaria lodged in the ſella turcica. 

WA ſection of the right optic nerve. 

X A ſection of the right corpus albicans behind the infundibulum. 

| Y Part 
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Y Part of the choroid plexus. 
Z The pineal gland with two peduncles, one of which connects it to the 
ſide of the third ventricle, and the other to a, which is a ſection of the 
commiſſura cerebri poſterior. 
The iter ad quartum ventriculum. 
d A ſection of the nates and teſtis. 
e The valvula Vieuſſenii. 
The arbor vitae of the cerebellum. 
g The cavity of the fourth ventricle. 
h The bottom of the fourth ventricle ſhut by the vaſcular or choroid plex- 
us and pia mater. 
i A ſection of the tuber annulare. 
+ The baſilar artery. 
A ſection of the medulla oblongata. 
m A ſection of the upper part of the ſpinal marrow. 
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1 figures in this table repreſent the communication of 
the lateral ventricles of the human brain with each other, 


and with the third ventricle. 


Figures I. and II. repreſent part of the bottom of the right lateral ven- 
tricle, with the fore part of the fornix, and a part of the ſeptum lucidum 


and corpus calloſum. The anterior parts are turned towards the top of the 


table. 


In both Ficures, 

A Repreſents the fore part of the right corpus ſtriatum. 

B Part of the centrum ſemicirculare geminum. 

C The fore part of the right thalamus nervi optici. 

D The fore part of the body of the fornix. - 

E The fore part of the right choroid plexus. 

F A natural paſſage by which the lateral ventricles communicate with each 
other and with the third ventricle. This paſſage is bounded on the fore 
part by the anterior crura of the fornix ; above, by the fore part of the 
body of the fornix, where it 1s about to form its anterior crura; behind 
by the meeting of the choroid plexuſes of the two ventricles ; below, by 
the thalami nervorum opticorum. Two veins, which are more conſtant 
in their ſituation than ſuch ſmall veins are generally, at this place, run 
into the choroid plexus; one of them comes from the fore part of the 
ſeptum lucidum, and 1s over the communication ; the other is from the 
corpus ſtriatum, and runs from it inwards and backwards to the choroid 
plexus. 

M Repreſents a part of the corpus calloſum, between the cut edge of 
which, and the body of the fornix D, a part of the Farming lucidum 1s 


ſeen, 
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ſeen, with veſſels running on its pia mater, but without any hole or 


paſſage through it. 


Fro. III. Repreſents the communication between the lateral ventricles 
laid open by cutting the fore part of the body of the fornix. | By ſuch a 
ſection, the hole or paſſage appears by which the lateral ventricles com- 
municate with the third ventricle. | 


A The fore part of the left corpus ſtriatum. 

C Part of the left thalamus nervi optici. | 

D The cut body of the fornix between two pins. The undermoſt is ly- 
ing in the paſſage by which the lateral ventricles communicate with each 
other. 

F Is a hole or paſlage leading down into the third ventricle, by means of 


which, therefore, the two lateral ventricles communicate with the third 


ventricle. 


Fic. IV. Is a rude ſketch, from memory, of the ſize and ſhape of the 


communication between the lateral ventricles, which I obſerved in the caſe 


of a girl of three years old, in the year 1753, where more than two pounds 
of water were found in the ventricles. 


Fic. V. Is a rude ſketch taken from the third and fourth ventricles of a 
child of two years of age, in which half a pound of water was contained 


in the ventricles. Both theſe ventricles marked 3 and 4 were ſenſibly di- 
lated. | 


\ ' 


At F, part of the dilated paſſage from the lateral ventricle is rudely ſketched. 


| 7 TABLE 
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1 N this table farther views are repreſented of the communi- 
cation of the lateral ventricles of the human brain with 

each other, and with the third ventricle. The anterior parts 

are here turned towards the bottom of the table. 

1- 


Ficurts I. and II. 


Py 


AAAA Repreſents the fore part of the corpus ſtriatum. 

BBBB The centrum ſemicirculare geminum. 

CCCC The thalami nervorum opticorum. 

DD The body of the fornix. | 

EEEE The choroid plexuſes. 

FF Fig. I. A crooked pin paſſed through the paſſage by which the lateral 
ventricles communicate with each other. L 

F Fig. II. Shows the hole or paſſage under the middle of the communica- 
tion of the lateral ventricles with each other, by which the lateral ven- 
tricles communicate with the third ventricle. 


GG Fig. II. The anterior crura of the fornix. 


Fic, III. In this figure the fornix, which was repreſented in Fig. II. cut 


acroſs, 1s repreſented raiſed and turned backwards. 


BB The centrum ſemicirculare geminum. 
CC The thalami neryorum opticorum. | 
D The under part of the body of the fornix, which was cut acroſs and 
turned back. 
EE The choroid plexuſes of the two ventricles. 
F The paſſage by which the lateral ventricles communicate with the third. 
GG The 


* 


EXPLANATION OF THE TABLES. iii 


GG The anterior crura of the fornix, 


HH A membrane, with many veſſels containing red blood, which covers c 
and conceals the third ventricle, ties together the choroid plexuſes, and * 
adheres ſo cloſely to the thalami nervorum opticorum as to allow under 
it no communication of the lateral ventricles with the third ventricle. 
The letters HH are placed at two principal veins of this membrane, and 
which, farther back, unite to form a vein which terminates in the tor- 


cular Herophils and which was obſerved by Galen, and has been named 
after him Vena Galeni. | 


TABLE 
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P this table a view is given of the human crura cerebri and 

cerebelli, of the tuber annulare, and medulla oblongata, 
after diſſecting away from them the arachnoid coat and pia 
mater, in order to ſhow the general direction of their medullary 
fibres. | 


AA. BB. CC The anterior, middle, and poſterior lobes of the brain, 

fllightly ſketched. 85 
DD The hemiſpheres of the cerebellum. 

EE The ſuperior and anterior vermiform proceſſes of the cerebellum. 

FF The two optic nerves cut horizontally. | 

. G The intimate intermixture of their medullary ſubſtance. 

HH The optic nerves cut acroſs near the foramina optica. 

II Cineritious ſubſtances intimately connected to the optic nerves, and fur- 

niſhing ſome part of their medullary ſubſtance; between theſe there is 
a fiſſure through which the pia mater and blood- veſſels paſs. 

K A ſection of the infundibulum. 

LL The corpora albicantia behind the infundibulum. 

MM The crura cerebri conſiſting, on their ſurface, of bundles of medullary 
fibres. | 

N A cineritious ſubſtance joining the crura cerebri and corpora albicantia 
of oppoſite ſides of the brain. 

OO The principal crura cerebelli. | 

PP The tuber annulare, or pons Varolii, the ſurface of which conſiſts of 
medullary fibres laid chiefly in tranſverſe bundles. 


QQ 
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QQ Anterior, oblong, and ſomewhat pyramidal bodies, compoſed on their 
ſurface of bundles of medullary fibres, diſpoſed tranſverſely, and paſſing 
from one fide of the medulla oblongata to the other fide of it, or join- 
ing theſe two pyramidal bodies intimately together. Between theſe py- 

ramidal bodies there is a fiſſure above a quarter of an inch deep, into 
which the pia mater enters, and, ſtill deeper, veſlels paſs between the 
decuſſating bundles of medullary fibres. 

RR The bodies called commonly olivaria. | 

SS A ſmall part ſeen of oblong medullary and ſomewhat pyramidal bodies, | 
which form the back part of the medulla oblongata. 


T The end of the medulla oblongata, or top of the ſpinal marrow. 


Ff TABLE 
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T A at 


T HIS table repreſents a perpendicular ſection in the hu- 
man ſubject, of the corpus ſtriatum, thalamus nervi op- 

tici, crus cerebri, tuber annulare, pineal gland, commiſſura cere- 

bri poſterior, nates, teſtis, cerebellum, and fourth ventricle, 


with the back view of the medulla oblongata. 

AA The under or inner ſide of the corpus calloſum. 

B The top of the corpus ſtriatum. 

C The centrum ſemicirculare geminum. 

D The top of the thalamus nervi optici. | 

EF A perpendicular ſection of the corpus ſtriatum and thalamus nervi optici. 

G A perpendicular ſection of the crus cerebri. | | 

H A perpendicular ſection of the tuber annulare. 

I The iter a 3tio ad tum ventriculum. 

K The middle of the fourth ventricle. 

L The bottom of the fourth ventricle ſhut by the vaſcular or choroid plexus. 

M The ſection of the commiſſura cerebri poſterior. | 

N The ſection of the pineal gland which adheres to the brain by two me- 
dullary peduncles. 

OP The nates and teſtis 

Q The medullary part of the cerebellum, called Arbor vitae. 

R The valvula Vieuſſenii, a medullary ſubſtance covered with cineritious 
matter. 

SS The two poſterior oblong ſomewhat pyramidal parts which compoſe the 
medulla oblongata, and which are ſeparated from each other to about the 
depth of a quarter of an inch, by a fiſſure, into which the pia mater enters. 

T Tranſverſe medullary bundles joining the two pyramidal columns. 


U The bottom of the medulla oblongata or upper end of the ſpinal marrow. 


TABLE 
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JV VII. 


P Fig. I. is repreſented a ſection of the human brain and 

cerebellum, with their crura, the tuber annulare and me- 
dulla oblongata, in order to ſhow a great intermixture of cine- 
ritious ſubſtance with the medullary, and very various direc- 


tions and interlacing of the bundles of the medullary fibres. 


AB The anterior and middle lobes of the brain cut. 

C The poſterior lobe of the brain entire. 

DD The hemiſpheres of the cerebellum, 

E The corpus ſtriatum. 

F The thalamus nervi optici. 

G One of the corpora albicantia compoſed of a medullary cruſt containing 
cineritious matter. 

H The crus cerebri. 

I The crus cerebelli. 

K The tuber annulare cut perpendicularly from right to left. 

IL The tuber annulare cut perpendicularly from before backwards to more 
than the depth of a quarter of an inch. 

MNO The medulla oblongata cut perpendicularly from right to left. 

P The medulla oblongata entire on the left ſide of the fiſſure into which 
the pia mater enters. 


Q The end of the medulla oblongata, or top of the ſpinal marrow. 


Fic. II. Repreſents a tranſverſe or horizontal ſection of the beginning 
of the ſpinal marrow, in which A and B repreſent the anterior and poſte- 
rior fiſſures into which the pia mater enters. 


CCDD Cineritious matter, of a cruciform appearance, incloſed in medul- 


lary ſubſtance. 
EE The joining of the two chords which compoſe the ſpinal marrow. 
T.ABLE 
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T 


I HIS table repreſents the heads of children born at the 
full time, in which the bones, which generally form the 
top of the cranium, are wanting, and in which the brain, which 
1s extremely ſmall, projects like an excreſcence. 
EPL 17 
ABCD An oblong ſquare portion in which there » no bone. 
EF The hemiſpheres of the brain appearing in the form of excreſcences 


from the top of the head, and over which the common teguments were 


remarkably thin and imperfect. 


G In Fig. II. Repreſents the back part of the two hemiſpheres joined in- 
ſeparably together. 


In Fig. III. The excreſcences E F, which ſupply the place of the brain and 
cerebellum, are extremely ſmall. 


EXPLANATION OF THE TABLES. i17 


Tt A n vie 


I this table, the brain found in an imperfect ſtate, in two 
children, and the nerves of the head, neck, and arm, are 


repreſented. 


FicuRE I. 


AB Two projections, or excreſcences, which ſupplied the place of the he- 
miſpheres of the brain. | 

C A red coloured firm ſubſtance which ſupplied the place of the cerebellum. 

D Part of the occipital bone turned out of its place. 

E The ſheath of dura mater which incloſed the ſpinal. marrow. 

F The ſpinal marrow of the neck and cervical nerves taking their riſe 
from it. 

G The left eye-ball. 

H The left optic nerve. 

I The joining of the two optic nerves. 

IJ K The third and fourth pairs of nerves. 

L The root of the fifth pair of nerves. 

M The ganglion of the fifth pair. 

N The ocular branch of the fifth pair. 

O The ſuperior maxillary, branch of the fifth pair. 

P The inferior maxillary branch of the fifth pair. 

2 The proper inferior maxillary branch, and branches ſent from it to the 
teeth. | 

R The lingual branch of the fifth pair. 

S The ſixth pair of nerves. 

T The portio dura of the ſeventh pair. 

'V The eighth pair, and U its pars vaga- 

Gg W The 
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W The ninth pair. 
X The great ſympathetic nerve. 


Fro. II. Shows the upper part of the hemiſpheres of the brain and the 


optic nerves. 


AB The hemiſpheres of the brain. 


CD The eye-balls. 
E The dura mater. +: 
F The joining of the optic nerves. 


Fic. III. A The ſternum. 


BC The two ſhoulders, 

D The external ear. 

EFGH The throat, chin, mouth, and noſe. 

IK The right and left hemiſpheres of the brain. 

L The left eye. 8 

MN The ſubclavian artery cut tranſverſely, that the nerves may be better 


ſeen. 


O The left carotid artery. 

PQ The pars vaga of the eighth pair, and the great ſympathetic nerve. 
RS The fore part of the ſpinal marrow. 

T The maſtoid proceſs of the temporal bone. 


1. 2. 3. 4. f. 6. 7. 8. The ſeven cervical ſubvertebral nerves, and the firſt 
ſubvertebral dorſal nerve, with the origin of the phrenic nerve. 


9. 10. 11. 12. 15. 18. 19. 20. The axillary plexus and nerves ſent off from 
it, in the uſual manner and of the yfual ſize. 


TABLE 
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1 RNA L-£ LS 


18 this table are repreſented the parts of a human female 
monſter, in which there are two heads, and the bones, 


muſcles, and nerves of two trunks, two pairs of lungs, and two 


ſtomachs; but only two arms and two legs, two renal glands, 


and two kidneys, one liver and ſpleen, and one heart, con- 


ſiſting of one auricle and one ventricle only. 


In all the FOUR Havens: 


a a a a Repreſents the head on the right ſide. 
b b b b The left head. 


'c c c c The right arm. 
dd d d The left arm. 6, 
ee ee The right leg. 


Tf ff The left leg. 


In Fic. I. II. and III. 

z Repreſents the right ſtomach. 

i The left ſtomach. 

+ The ſingle tract of ſmall inteſtines. 

The appendix vermiformis. 

m The colon ending in the rectum. 

5% The anterior lungs on the right ſide. 

5 þ The anterior lungs on the left fide. 

2 Fig. I. Two poſterior lungs. 
79 9 The jugular veins forming the ſuperior cava, and ending in the au- 

ricle of the heart « 1. | h 

In Fig. I. The fore part of the ventricle. 7 In Fig. II. Shows the back 

part of the ventricle, as the point. of the heart is turned upwards. 
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SS. SS A right and left aorta, each forming an arch, as uſual, and ſending 
off from it two carotid arteries and the ſubclavian. 

tt A right and left pulmonary artery, each joined by a canals arterioſus to 

| the aorta. | 

W The umbilical vein. 

X The two ihac veins joining to form the cava inferior. 

Y The venae cavae hepaticae, ſeen by dieting the liver. 

2 + veſſel reſembling the canalis venoſus, continued from the umbilical 
vein, after that vein has been joined by the vena porta abdominalis and 
has ſent off the vena porta hepatica. 

* * The two pulmonary veins of the anterior lungs ending in the auricle. 

AB The right and left renal glands ind kidneys. 

VV The right and left deſcending aorta. 


#16. ML 


| r Repreſents the ventricle of the heart cut open. 

” Ia communication of the auricle with the ventricle. 

SS and 77 The aortae and pulmonary arteries, the beginning of which 
from the ventricle is ſeen. : 

CD Repreſent the diaphragm. 

MN Repreſent the plexus of lumber nerves of the right fide. Theſe on 
the outer ſide M, which ſupply the leg, are much larger than thoſe on 
the inner fide N, which ſupply the half of the pelvis only. 


Fic. IV. 3 


E Repreſents the poſterior ſternum. 
FG The ribs and the two ſpines. 
HH The right and left os ilium. 
1A middle os ilium. 

K The anus. 


TABLE 
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1 


T AIs table repreſents the ſtructure of ſome principal parts 
of the brain and of the ſpinal marrow in a ſheep. 


In Fic. I. The brain is cut perpendicularly on the left fide of the ſeptum 


lucidum. 


A The cranium. 

B The right hemiſphere. 

C The corpus calloſum cut. 

D The ſeptum lucidum. 

E The body of the fornix. 

F The left anterior crus of the fornix. 

G The left choroid plexus. 

H A probe paſſed from the left lateral ventricle into the right lateral ven- 
tricle, or hole, or paſſage, by which they communicate with each other 
and with the third ventricle. 

II A pin paſſed from the anterior part of the left lateral ventricle into a 
ſmall ventricle within the olfaQtory nerve. 

K The fore end of the ventricle of the olfactory nerve. 

L A doubling of the dura mater which ſurrounds the olfactory nerve. 

M The white or medullary part of the olfactory nerve. 

N Pulpy cineritious ſubſtance of the olfactory nerve placed between its 

medullary part and the ethmoid bone. 


O Part of the convoluted bones within the noſe. 


FriauUunkt II. 


AA The hemiſpheres of the brain. 
B The under part of the middle lobe of the brain. 
H h ; 8 
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C A cut made through the under part of the middle lobe of the brain into 
the bottom of the left lateral ventricle. 


D The cineritious pulpy part of the right olfactory nerve diſſected away 


from the cribriform plate. 
EE The medullary ſubſtance of the left olfactory nerve, part of tc is 
ſeen coming out of the cut corpus ſtriatum. 
F The ventricle of the left olfactory nerve cut open. 


G The optic nerves incorporated. 
H The infundibulum cut. 

JI The crura cerebri. 
KK The tuber annulare. 

LL The medulla oblongata. 

M The medulla ſpinalis. 


N 'The cut end of the ſpinal marrow with the cineritious part in its centre. 
Fic. III. Gives a view of part of the baſis of the cranium of a ſheep. 


AA Proceſles of the dura mater which ſurround the olfactory nerve. 


BB Inequalities and holes of the cribriform plates for the paſſage of the 


olfactory nerves. 
C The conjoined optic nerves. 
D The glandula pituitaria. 
EE The lodgement of the middle lobes of the brain. 


Fic. IV. and V. Show that the ſpinal marrow is compoſed of two large 
cords joined together by aſhy coloured ſubſtance. 


AA The dura mater covering the ſpinal marrow. 


BBBB The two principal cords which form the right and left ſides of the 


ſpinal marrow. 
CC A layer of cineritious ſubſtance which joins together the two cords BB. 


Fic. 
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Fic. VI. and VII. Shew a longitudinal ſection from right to left of the 


ſpinal marrow. 


BBBB The two principal cords which compoſe the ſpinal marrow. 
CCEC The cineritious ſubſtance joining theſe cords together. 


Fic. VIII. Repreſents a tranſverſe ſection of the ſpinal marrow of a 
ſheep. | | 


BB The two principal medullary cords. 
C Cruciform cineritious ſubſtance in the centre of the ſpinal marrow, by 


means of which the two principal lateral cords are joined together. 


FIG. IX. Repreſents the infundibulum of an ox, laid open by a perpendi- 
cular ſection of its fore part. | 


A Repreſents a tranſverſe ſection of the optic nerves conjoined. 

BB The back part of the conjoined optic nerves, and the fore part of the 
infundibulum, divided by a perpendicular ſection. 

CC Ihe cavity of the infundibulum. The under part of the funnel is com- 


poſed of a more vaſcular and darker coloured ſubſtance than the upper 
part of it. | 

D. A fiſſure between the thalami nervorum opticorum, at the upper and 
back part of the infundibulum. 

E An eminence or pifiform proceſs at the upper part of the glandula pitui- 
taria, in which the infundibulum terminates. 

FF The internal carotid arteries. 

GG The third pair of nerves. 

HH Parts of the baſe of the cranium to which the fore part of the tento- 


rium cerebello ſuperextenſum 1s connected. 


| TABLE 
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„ 


E 5 HIS table repreſents a fore view of the ſpinal marrow of 


a man, after cutting away the bodies of the vertebrae, 
laying open the ſheaths formed by the dura mater and arach- 


noid coat, and cutting the anterior bundles of the ſpinal nerves. 
1 


AB The ſides of the atlas or firſt vertebra. | | 

- CDEF The ſheaths formed by the dura mater and arachnoid coat laid open. 

G The upper end of the ſpinal marrow incloſed in its pia mater. 

H Its under part at the under part of the ſecond vertebra of the loins. 

IK Folds, rugae, or joints of the ſpinal marrow. 

L The cauda equina. 

1, 1. 2, 4. $53- „„ de. 

1, 1. Repreſents the firſt pair of cervical, or rather ſubcervical vertebral 

; nerves, &c. 

8,8. Repreſents the firſt pair of dorſal nerves. 

20, 20. The firſt pair of lumbar nerves, &c. 

M A ſeptum or partition between the holes in the dura mater for the paſ- 
fage of the anterior and poſterior bundle of fibres which compoſe each 
of the nerves of the ſpinal marrow. 

N The anterior bundle, in its proper hole, covered by a ſheath of the du- 
ra mater which covers the ſpinal marrow. -- 

O The poſterior bundle with its proper hole and ſheath. 

P A ganglion in the poſterior bundle. ; 

Q The anterior bundle joined to the nerves which iſſue from the ganglion 
of the poſterior bundle. 


RSTU The acceſſory nerve, taking its riſe from the fide of the ſpinal 


marrow, 


1 
9 
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marrow, and connected, by filaments, with the poſterior bundle of the 1 3 


firſt and ſecond ſubvertebral cervical nerves. 
VWXYZ Small nerves which; join the poſterior bundles of the ſubverte- 
went. cervical nerves to each other. 
, 3, Fg d, e, fn gr h, i, l, I. m, n, o, p, 9, r, J, t, u, v, w, x. The ligamentum ; 
denticulatum fixed by a number of ſmall filaments to the pia mater co- 
vering the ſpinal marrow, and, by larger cords, fixed to the dura mater. 


Theſe cords, in ſome places, aſcend; in others, they deſcend; in the 


SCC — —˙d— m Ä: 


greater number they are tranſverſe. 
w x A ſubſtance produced from the end of the ſpinal marrow, reckoned 
by many authors a nerve, but which ought to be conſidered as the un- 


der part or termination of the ligamentum denticulatum. 


Fic. II Shews, add ng than, in the former figure, the way in which 


the acceſſory nerve is connected to the ſpinal marrow and to the poſte- 


rior part of the ſpinal nerve. 


ö . 
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1 N this table are repreſented, in a man, (after cutting off 

the bodies of the dorſal vertebrae) the ſtructure of the ſur- 
face of the ſpinal marrow, the riſe of the anterior and poſte- 
rior bundles of the dorſal nerves, a ganglion in the poſterior 
bundle, and the connection of the two bundles with each o- 
ther, and with the great ſympathetic nerve. 


- 


AB Repreſents the ſpinal marrow covered with its membranes. 

2, 3, 4, 5, 6, 7, 8, 9, 10, Repreſent the ſecond, third, &c. ribs, with the 
correſponding dorſal nerves. 

CDEFG The great ſympathetic nerve on the left fide. DE The ſympa- 
thetic nerve cut acroſs, and its ends turned aſide. F The ramus ſplanch- 
nicus. G The continuation of the trunk of the ſympathetic nerve. 

HH The cellular and fatty ſubſtance on the outer fide of the dura mater. 

I The inner ſide of the dura mater which is here cut and turned back. 

K The pia mater, with the principal anterior artery of the ſpinal marrow 
running upon it. c 

L Plicae or joints in the ſpinal marrow, by which it may be elongated with- 
out being lacerated. & 

M Part of the ſubſtance called ligamentum denticulatum. 

N The anterior branch of the fifth dorſal nerve beginning by ſeveral 
bundles of fibres. 

O The poſterior ſpinal branch of the fifth dorſal nerve. The anterior and 

poſterior bundles of the ſpinal nerves paſs through different holes of the 

dura mater, and each receives, from its inner layer, a thin ſheath. The 
two cords are ticd together and covered by the cellular ſubſtance on the 


outſide of the dura mater condenſed, ſo that they ſeem to form one cord. 


P 
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P A ganglion in the poſterior branch of the dorſal nerve. 
Q Nervous fibres iſſuing from the ganglion P, and joining with the fibres 


of the anterior branch ſo as to form one cord. 
R The branches from the dorſal nerves which run to the back, or the po- 
ſterior dorſal branches. 


SS The trunk or anterior branch of the fifth proper dorſal nerve. 


nerve by two branches, one of which is fixed to it where it ſends off 
the poſterior dorſal branches; the other is fixed to the trunk or large 
anterior branch. 


UVWXYZ Other ganglia of the great ſympathetic nerve connected in a 
ſimilar way. 


TABLE 
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T A ganglion of the great ſympathetic nerve joined to the proper dorſal 
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1 A 1 FE XII. 


1 N the four Figures of this table the parts of a monſtrous 
kitten are delineated of their natural ſize. It appears to 


have one head and two bodies, each with four legs, 1, 2, 3, 


4, 5. 6, 7. 8. 
When we view it with the point of the noſe and the mouth towards us, 
as in Fig. 1. one of the hodies is placed on the right fide and the other on 


the left ſide. The latter wants the tail. 


FicuREes II. and III. 
AA Two hemiſpheres of a brain. B A cerebellum, and C a ſpinal mar- 
row belonging to the body on the right ſide. 


E106 . 
D A ſpherical body ſupplying the place of brain and cerebellum to the left 
body, with 
E Fig. IV. A ſpinal marrow produced from it, of the ſame ſize as that to 


the right body. 


y Fic. I. and II. 

F The tongue fully ſeen, after cutting open the left fide of the mouth and 
throat. | | 

G The top of the pharynx. 

II Fig. I. and II. The oeſophagus, common to both bodies. 

K In Fig. I. repreſents the under and fore part of the ſtomach. K In Fig. 
II. repreſents the back part of the ſtomach, common to both bodies. 

L The ſmall ' inteſtine dividing into two equal inteſtines, which terminate 
in inteſtina craſſa M and N, proper to each body. | 

Each body has likewiſe two kidneys, one of which in each body is ſeen 
at OO. 


Each body has an uterus and vagina which are not delineated. The left 


% 


vagina terminates in the rectum. 


P In Fig. I. repreſents a common liver, and Q in Fig. II. a common ſpleen. 


R The 


n 
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R The anterior part of the diaphragm fixed to the ribs as well as to the 


anterior ſternum. 


S The poſterior part of the diaphragm fixed to the poſterior ſternum only. 

T Fig. I. Lungs which conſiſt of four lobes, on the right fide of the heart. 

U Fig. I. Lungs conſiſting of two lobes on the left fide of the heart. 
Theſe are ſeparated from each other in the uſual way by the mediaſti- 
num. . | | 

X The larynx and trachea from it for conducting the air into the lungs T 
and U. The whole of the larynx is open towards the pharynx. 

VW Fig. II. Lungs, conſiſting each of two lobes, placed at the ſides of 
the oeſophagus I, from which their tracheae are ſent off, repreſented at 
the letter Y. | 

The lungs VW are in one cavity, formed by a poſterior membrane or 
pleura. 'This cavity 1s divided from the two anterior cavities of the tho- 
rax by the intervention of the poſterior pleura, connected to the anterior 
pleurae by cellular membranes. But, as the poſterior part of the dia- 
phragm 8 is connected to the poſterior ſternum only, and not to the po- 
ſterior ribs, the poſterior cavity of the thorax communicates with the 
cavity of the abdomen at ZZ, on each ſide of 8. 

Both bodies are ſupplied with blood from one heart. 

Two inferior venae cavae, joined with the ſuperior cava, terminate in 
one auricle a. 

b Is the right ventricle. 

c The pulmonary artery which ſends arteries to the four lungs. 

d The left auricle. 

e The point of the left ventricle, from which one aorta 1s ſent out, which 
ſoon divides into / and g, right and left aortae proper to each body, from 
the arches of which the aſcending branches are ſent off. 

The canalis arterioſus ends in the left aorta g. 

The umbilical cords, formed as in two diſtin foetuſes, are contiguous at 


h, or ſeem to form one common cord; and as there is but one liver, it 


is probable that the umbilical veins united within the body. 
Kk TABLE 
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+ 25 £4 2a 


* the Figures of this table (except the laſt, viz. Fig. 

15.) repreſent the appearance of the nerves of man, qua- 
drupeds, birds, amphibia, fiſhes, when carefully viewed with 
the naked eye, or with a magnifying glaſs. 


Fic. I. II. III. IV. Repreſent the human nerves. 


The uppermoſt delineations in Figures I. and IV. repreſent ſmall nerves of 
an adult, and the uppermoſt delineation in Fig. III. repreſents the trunk 
of the anterior crural nerve of a child. 

The delineations placed immediately under theſe repreſent the ſame nerves 


viewed with a magnifying glaſs. 


Fig. II. Repreſents part of the ſciatic nerve of a child viewed with a mag- 
nifying glaſs. 


The third delineation of Fig. I. thews the change of appearance produced 
by ſtretching the ſame nerve moderately. 

The fourth or undermoſt delineation in Fig. I. ſhews the ſame nerve 
ſtretched as fully as it can bear, without being lacerated. 

The nerves, when ſtretched, not only become ſmaller, but the ſerpentine 
turns which they ſeem to make when relaxed, become, as the degree of 


tenſion 1s increaſed, leſs and leſs obſervable till they diſappear. 


Fig. V. Repreſents, of their natural ſize, two ſmall nerves of quadru- 
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Fig. VI. VII. VIII. Repreſent the nerves of fowls, of the natural ſize 
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Fic. IX. 
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Fic. IX. Repreſents the ſciatic nerve of one of the amphibia, to wit, 


the frog, of its natural ſize. 


Fic. X. Shews the appearance of part of the ſame nerve viewed with a 


magnifying glaſs. 


Fic. XI. Shews the appearance of the ſame nerve fully ſtretched and 


viewed with a glaſs. 
Fic. XII. XIII. and XIV. Repreſent the nerves of fiſhes. 


Fig. XII. Shews, of the natural ſize and magnitude, a nerve which runs 


down the ſide of a haddock, traced in Tab. XXXII. Fig. 1. S. 


Fig. XIII. Shows a nerve of the ſtomach of a ſkate, of the natural ſize and 


magnified. 


Fig. XIV. Shews part of the ocular branch of the fifth pair of nerves of a 
ſkate magnified: A few ſpheroidal bodies adhere to theſe branches. 


Fic. XV. Shews, as a general example of the appearance of the tendons 


in the firſt four claſſes of animals, the appearance of one of the tendons 


of a ſkate, of its natural ſize. 
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- 


„ 


T HE two Figures of this table ſhow the appearance of the 


© © ſciatic nerves twelve months after they had been cut a- 


croſs and rejoined in living frogs. 


A The back or upper * of the pelvis. 

B The knee. | 

CD The trunk of the ſciatic nerve laid over a couple of pins. 

E The re-union of the divided parts of the ſciatic nerve, which is of a 
darker colour than the original nerve. In Fig. I. It 1s nearly of the ſame 
ſize with the trunk of the nerve. 

In Fig. II. It is ſomewhat larger. 


The part of the nerve below the re- union preſerved nearly, if not entirely, 


its natural ſize. 


TABLE 
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F 4B. ----E; 


R EPRESENTS the human axillary plexus of nerves on 
the right ſide, | 


AA The five undermoſt cervical, and two uppermoſt dorſal vertebrae. 

BB The middle ſcalenus muſcle. 

C The inſertion of the great pectoral muſcle in the os humeri. 

D The inſertion of the ſmall pectoral muſcle into the coracoid proceſs. 

E The deltoid muſcle. 

F The long head of the biceps flexor cubiti muſcle. * 

G Its ſhort head from the coracoid proceſs. 

H The coracobrachialis muſcle. 

I The latiſſimus dorſi muſcle. ; 

K The ſerratus anticus major muſcle. 

L The triceps extenſor cubiti muſcle. 

M The internal condyle of the humerus, 

N The fore-arm. 

3» 4, 5, 6, 7. The third, fourth, fifth, ſixth, and ſeventh ſubvertebral cer- 
vical nerves. 

1 The firſt ſubvertebral dorſal nerve. 


8 A branch from the third ſubcervical nerve to the top of the humerus. 


9 The phrenic nerve receiving branches from the third and fourth ſubcer- 
vical nerves, and ſending a ſmall branch to the axillary plexus. 

10 A trunk formed by the fourth and fifth ſubcervicals, with a ſmall 
thread from the third ſubcervical. 

11 The ſuperior poſterior ſcapular nerve, derived from the trunk 10, in 
its courſe to the notch in the ſuperior coſta of the ſcapula. 


12 The articular circumflex nerve, likewiſe derived from the trunk 10. 


LI 13 
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13 A large part of the ſixth ſubcervical added to a large nerve from the 
third, fourth, and fifth ſubcervicals. 

14 The joining of the ſeventh ſubcervical and firſt dorſal nerves. 

15 15 The nerve called ſpiral muſcular, by my Father, or radial of Win- 

' flow, formed by the third, fourth, fifth, ſixth, and ſeventh fubcervical 
nerves, and firſt ſubdorſal. . 7 

16 A great trunk formed by the third, fourth, fifth, ſixth, ſeventh ſub- 
cervical nerves, and the firſt ſubdorſal nerve. 

17 The muſculo-cutineous, or perforans Caſlerii, proceeding from the 
trunk 16. 1 | 

18 The radial of Monro, or median of Winſlow, from the trunk 16. 

19 19 The ulnar nerve proceeding from the ſeventh ſubcervical and firſt 
ſubdorſal, chiefly, but recerving ſmall branches from the joining of the 
third, fourth, fifth, and ſixth ſubcervicals. | 

20 The ſubcutaneous baſilic nerves derived from the ſeventh ſubcervical 
and firſt ſubdorſal nerve. 

21 External thoracic nerves from the third, fourth, fifth, ſixth, ſeventh 

ſubcervical, and firſt ſubdorſal nerves. | 
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0-3 XVI. 


{ thing 5 table repreſents tie five undermoſt cervical ſubver- 
tebral nerves, with the firſt dorſal nerve of the human 


ſubject, taking their riſe from the ſpinal marrow, and joining 


to form the brachial plexus, which is fully diſſected to ſhew 


the connections of its nerves. 


A The edge of the trapezius muſcle. 


B The acromion. 

C The leſſer pectoral inſerted into the coracoid proceſs of the ſcapula. 

D The deltoid muſcle. | 

E The inſertion of the great pectoral muſcle. 

FGH The biceps flexor cubiti muſcle. 

I The coracobrachialis muſcle. 

KK The latiſhmus dorſi muſcle. 

LL The triceps extenſor cubiti. 

M The internal condyle of the humerus. 

NO Part of the ſpinal marrow laid in view, by cutting away the bodies of 
the five undermoſt cervical and firſt dorſal vertebrae. 

3, 4, 5» 6, 7, 1. The five undermoſt cervical nerves, and firſt dorſal, ta- 
king their riſe, each by two bundles of nervous fibres, to wit, .one an- 
terior and one poſterior bundle. 

8, 8, 8, 8, 8, 8, The anterior bundles of nerves. 

9, 9, 9, 9, 9, 9, The poſterior bundles of nerves 

10, 10, 10, 10, 10, 10, A ganglion formed by the poſterior faſciculus of 
nerves. 

11, 11, 11, 11, 11, 11, A bundle of nerves iſſuing from each ganglion, to 


be 
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be joined to the anterior bundle of nerves, ſo as to form one great nerve, 
or cord of nerves. 

12 A large branch from the third cervical nerve to the upper part of the 
ſhoulder. | | 

13, 13 The phrenic nerve, the upper part of which receives threads from 
the third and fourth cervicals, and ſends a ſmall thread to the axillary 
plexus. | 

14 The fourth cervical joined by branches from the third and phrenic nerve. 

15 The poſterior ſcapular nerve. 

16 A large cord formed by a great part of the fourth and fifth cervicals 
and fibres from the third and phrenic. 

17 The axillary circumflex nerve produced from that cord. 

18 The fixth cervical, joined by a conſiderable branch from the ſeventh. 
19 20 The remainder of the ſeventh cervical, joined by a conſiderable 
part of the firſt dorſal nerve. 
21 The muſcular ſpiral nerve of Monro, or radial of Winſlow, receiving 

branches from, or formed by, all the five undermoſt cervical nerves. 

22 A large cord formed by all the five undermoſt cervical nerves. 

23 The muſculo-cutaneous nerve of Monro, or perforans of Caſſerius, de- 
rived from the laſt mentioned cord, or from all the five undermoſt cervi- 
cal nerves. 

24, 24, 24 The radial nerve of Monro, or median of Winſlow, receiving 
branches from the five undermoſt cervical nerves, and from the firſt dor- 
ſal. The ſeveral ſmall threads which compoſe the trunk of this nerve 
are ſeparated by diſſection, to ſhow that plexuſes, ſimilar to what is call- 
ed axillary plexus, are formed by theſe in the whole progreſs of the nerve. 

25 25 The ulnar nerve derived from the ſeventh cervical and firſt dorſal 
nerves, joined, in this ſubject, by a thread from the muſcular ſpiral nerve. 

26 26 Subcutaneous baſilic nerve, derived from the firſt dorſal, after it has 
been joined by ſmall branches from the ſeventh cervical. 

27 27 Several external thoracic and cutaneous nerves derived from diffe- 


rent parts of the axillary plexus. 


TABLE 
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TR 1: £3 XVII. 


1 HIS table repreſents the axillary plexus of nerves diſ- 
ſected in another ſubject, and its parts diſtinguiſhed by 
the ſame figures as in the preceding table. 
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r XVIII. 


= $ table repreſents the threads which compoſe the ra- 
dial nerve of Monro, or median nerve of Winſlow, tra- 


ced by diſſection. - 
. 


AA The threads compoſing the radial nerve ſeparated from each other 
near the top of the humerus. 

BB The various joinings and diviſions of the fibres as they proceed down 
the humerus. | | 

CCCC Branches ſent off to neighbouring parts. 

DD The net-work the fibres form in their progreſs down the fore-arm. 

EE At the wriſt, the whole nerve grows flatter than it is above, and the 
threads are more intimately blended. 

FG The branches ſent to the thumb. 

HIKLM Branches to the fore, mid, and half of the ring-finger. 


TABLE 
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. XIX. 


* table is intended to ſhow the way in which the 


branches of the different nerves of the face are connec- 


ted. 


Fic. I. Shows the way in which a branch of the portio dura of the ſe- 
venth pair of nerves is connected with a branch of the infra orbitar branch 


of the fifth pair in a man. The diameter of theſe nerves is repreſented 


three times greater than is natural. 


Als a branch of the portio dura. 

B Is a branch of the infra orbitar nerve. 

CDE Are principal branches ſent off from the arch which the joining of 
A and B forms. 

C Is chiefly from A, but 

D and E are evidently formed by branches of the portio dura A, joined 


with branches of the infra orbitar nerve B. 


Fic. II. Repreſents the joining of the ſame nerves in the face of an ox. 


F Is part of the muſcles of the upper lip. 

G Is a branch of the portio dura. | 

HI Are two branches of the infra orbitar nerve, ſent out at different holes 

of the ſuperior maxillary bone. 

KLM Are three branches ſent off from GHI. 

K Is formed by a nerve from H joined to a nerve from I. 

L and M have each a thread from G, joined to a thread from N, which 1s 
formed by H, joined with I. That is, the nerves L and M have threads 
from the portio dura, and alſo from both branches of the infra orbitar nerve. 

At O the portio dura and infra orbitar nerves were joined together by a 
ſmall nerve which formed an arch. 


TABL E 


140 EXPLANATION OF THE TABLES. 


A 


* HIS table repreſents a ganglion in the trunk of the fifth 


pair of the nerves of the head in man. 


Fis. I. Repreſents this ganglion of the natural ſize, cut and ſpread out. 
Fic. II. Repreſents the ſame magnified. 


a or A Repreſents the trunk of the fifth pair. 
e E The root of the ocular branch. 
ze BCD The nervous fibrils traced through this ganglion, ſeparating in- 


to ſmaller threads on one fide of it, and theſe on the other fide joining 


again to form larger fibres. 


Fic. III. Repreſents the ſurface, and Fig. IV. a ſection of a part of the 
ſame ganglion in another ſubject. | 


In both theſe figures the whole courſe of the nervous fibrils can be traced. - 
ee Repreſents part of the trunk of the fifth pair of nerves. 


bc bc Part of the ganglion. 


a a Some of the branches coming out of the fore part of the ganglion. 
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T 41 © Ek 


R EPRESENTS different parts of the human great inter- 
coſtal or ſympathetic nerve. 


Fic. I. Repreſents, of the natural ſize, the uppermoſt cervical ganglion 


of the great ſympathetic nerve. 


Fic. II. Repreſents the ſame ganglion, cut longitudinally, and exami- 
ned with a magnifying glaſs which increaſes the diameter about ſix times. 


Bundles of nervous fibres running lengthwiſe, joining, and again ſepa- 


rating, can, for certain, be diſtinguiſhed within it. 


Fic. III. Shows, of the natural ſize, one of the thoracic ganglia cut 
longitudinally. 


A The ganglion. B One of the branches by which it is connected to the 


proper intercoſtal nerve. 
Fic. IV. Shows the ſame ganglion magnified. 


In every part of it nervous threads could be traced, with great certain- 
ty, as they every where had thoſe regular rugae or folds proper to the 


nerves. 


Fic. V. Shows, of the natural ſize, the ganglia of the ſplanchnic bran- 
ches of the ſympathetic nerves, and their joining with each other, and 
with the eighth pair of nerves, on the fore part of the aorta, where 

Nn they 


142 EXPLANATION OF THE TABLES. 


they are ſaid to form ſemilunar ganglia and ſolar plexuſes. In this ſubject 


the ganglia were more numerous than is common. 


A The principal branch of the right ſplanchnic nerve. 

B The principal branch of the left ſplanchnic nerve. 

C The principal branch of the eighth pair, which is joined to the ſplanchnic 
nerves from the ſympathetic. | 

D The trunk of the aorta. | 

EF Ganglia in the courſe of the ſplanchnic branches, which, in this ſub- 
jet, were more numerous than common. | 

G The joining of the ſplanchnic nerves with each other, and with the 
cighth pair. | | oy 

HHH Various branches of the ſolar plexus, 


ES ade . . et 


1 
4 
1 
1 
1 
I 
1 


EXPLANATION OF THE TABLES. 143 


E L 4-26 


ia this table the ſtructure of the firſt cervical ganglion of 


the great ſympathetic nerve is delineated in the ſheep 
and ox. | 


The three firſt figures repreſent the ſtructure of that ganglion in a ſheep: 
The three laſt repreſent its ſtructure in the ox. 


Freures I. and IV. Shew the ſurface of that ganglion, of its natural ſize. 


Fic. II. and V. Shew the ſame ſurface as it appears when viewed through 
a magnifying glaſs. 


Fis. III. and VI. Shew a longitudinal ſection of it viewed through a 
magnifying glaſs, | 


From aa AAAA, to bb BBBB, the whole bulk is evidently compoſed 
of nervous faſciculi, which, however, repeatedly join, and again ſepa- 
rate from each other. On the ſurface of the ganglion, from B to C, ſi- 


milar nervous faſciculi can be traced, joining and ſeparating again from 


each other. 


In Fic. III. and VI. where theſe ganglia are cut, their ſubſtance ſeems 


compoſed of fibres running longitudinally, which, however, are of a diffe- 


rent colour and conſiſtence from the fibres on the ſurface; for their folds, or 


joints, within theſe ganglia, are much leſs diſtinguiſhable. Many large 
blood veſſels G enter into the ganglia. 


DE The principal nerves which iſſue from the lower part of the ganglion, 
are compoſed of faſciculi of nervous fibres, collected from all parts of the 


ganglion, 


TAN L. 
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T LE 208 


T HIS table repreſents the ſtructure of the thoracic gan- 
glia of the great ſympathetic nerve of an ox, and the 
manner in which theſe are connected with the proper dorſal 


or intercoſtal nerves. 


FrouREs I. and III. Repreſent two thoracic ganglia, of their natural ſize, 
cut longitudinally. Frd. II. and IV. Repreſent the ſame ganglia, viewed 
through a magnifying glaſs. 


In all theſe FOUR Figures, 


ABCDE Repreſent nerves entering the ganglia. 

F One of the nerves by which the thoracic ganglion is connected to the 
proper intercoſtal nerve. | 

GG In Fig. I. and III. are the roots of the proper intercoſtal nerves join- 
ed to the ganglia by the branches FF. 

L In Fig. III. repreſents the out fide of the fore part of the cut ganglion. 

HHH H Repreſent the inner part of the ganglia, in which, with the mag- 
nifying glaſs, numberleſs faſciculi of fibres can be diſtinctly ſeen, with 
the plicae, folds, or joints, proper to nerves. 

I In Fig. I. and II. a ſmall ganglion, in which likewiſe nervous fibres can 
be traced diſtinctly. 

At KK, F ig. II. and IV. where the nerve F connects the ganglion to the 
proper intercoſtal nerve, ſome of the nervous fibres of F are continued 
with the nervous faſciculi in the upper part of the ganglion, and others 
of them are continued with nervous faſciculi in the under part of the 


ganglion. 


Fs. 
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Fi. V. and VI. Shew in what way the nerves from the thoracic gan- 


glia are joined with the proper intercoſtal nerves. 


| Fig. V. Repreſents the nerves' of their natural ſize; and Fig: VI. ſhews 
the ſame nerves as they appear through a magnifying glaſs. 

At NOP the anterior branch, or, as it is commonly called, the trunk of 
the proper intercoſtal nerve, is ſhewn to conſiſt of a plexus of nervous 


fibres. 


Q Is the outer end of the principal nerve which joins the thoracic ganglion 
to the proper intercoſtal nerve: 

RS Are branches of Q, which are connected by plexus to the proper in- 
tercoſtal nerve, nearly as the different branches of that nerve are connec- 
ted to each other. Some branches, as T, ſeem, by their direction, to 
go from the proper intercoſtal to the great ſympathetic ganglion; 


others ſeem to come from the ganglion of the ſympathetic to the proper 
intercoſtal nerve. 
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T A t wv; 


1 E three firſt figures of this table repreſent the diſtri- 

bution, in the human ſubject, of the branches of the 
firſt, or olfactory pair of nerves, and of the naſal branch of 
the fifth pair upon the membrane of the noſe. The three 


laſt figures repreſent the ſame nerves in a ſheep. 
| 10 
FIGURE I. 

A Repreſents the ridge of the noſe. 

B The teeth of the left ſide. 

C The left antrum maxillare cut open. 

D The left frontal ſinus cut open. 

E The left ſphenoidal ſinus cut open. 

FG The ends of a briſtle, paſſed between the membrane which lines the 
left fide of the noſe, above the upper part of the os ſpongioſum ſuperius, 
(from which the bone has been cut off), and the branches of the firſt 
pair, or olfactory nerves. Theſe branches join and ſeparate again re- 
peatedly, forming a very elegant net-work on the outſide of the mem- 
brane, or between it and the bones. 

H Repreſents the naſal branch of the firſt branch of the fifth pair of 
nerves, ending partly in the ſeptum narium, and partly in the membrane 
which lines the outer ſide of the noſe. | 

I The naſal branch of the ſecond branch of the fifth pair of nerves. 


K Its diviſion into branches, which are diſperſed on the membrane which 


lines the outer ſide of the noſe. 


„ 

This figure repreſents part of the net-work formed on the outer ſide of 
the membrane of the noſe by the branches of the olfactory nerve, viewed 
with a magnifying glaſs, 

FIG. 
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Fic. III. 


This figure repreſents a principal part of the naſal branch of the firſt 


branch of the fifth pair, ending on the ſeptum narium. 


In juſtice to the dexterity and accuracy of my aſſiſtant in diſſection Mr 
Fyfe, I think it proper to obſerve, that the nerves repreſented in this table 
were diſſected by him, at my requeſt, as, at the time I wanted the draw- 


ings to be made, I had not leiſure myſelf to proſecute them with all the 


care which ſo delicate a ſubject requires, 


In all theſe Three Figures, but eſpecially in Fig. III. the nerves are re- 
preſented by the engraver larger than natural, 


In Fic. IV. 


A Repreſents the point of the noſe. 

B The ſeptum narium. 

C Part of the cavity of the orbit. 

D Part of the ethmoid bone. 

E The firſt branch of the fifth pair of nerves. 

F The proper ocular branches, 

GG One of the naſal branches of the firſt branch of the fifth pair, termi- 


nating in the upper part of the ſeptum narium. 


Fic. V. 


A The point of the noſe. 
B The ſeptum narium. 


D Part of the ethmoid bone. 
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H A branch from the upper part of the olfactory, or firſt pair of 3 
dividing upon the ſeptum narium into two branches *. 

I The naſal branch of the ſecond branch of the fifth pair of nerves. | 

K A branch ſent outwards from J. 

LM A large branch from I, running along the bottom of the noſe at the 
root of the ſeptum narium. | | 

N A ſmall twig from this nerve, running downwards and forwards, with 


the canalis inciſivus, which is a large tube in all quadrupeds. 


1 Fre. V. 


A The point of the outer ſide of the noſe. 

O The inner part of the ſide of the noſe. 

K A branch of the naſal branch of the ſecond branch of the fifth pair of 
nerves. 


P The diviſion of K into branches which are ſpent on the inner part of 
the ſide of the noſe. 


TABLE 


* Mr Fyfe, whom I had aſked to trace the branches of the olfactory nerves in the ox or ſheep, 


where they are much larger than in man, Uiſcovered this remarkable branch, and traced it eaſily, as 
it ſoon receives a firm external coat. 
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TAB: EE: HIT; 


IN this table ſome of the branches of the nerves of the teeth 
and gums of a child, after birth, are delineated, after cut- 


ting off the outer part and baſe of the lower jaw-bone. 


A The ſecond molaris, or backmoſt temporary tooth. 

B The third molaris, which is not ſhed, but becomes the middlemoſt of 
the five molares of the adult. 

C The back part of the trunk of the proper inferior maxillary nerve. 

D The fore part of the ſame nerve. 

E Several ſmall nerves which run upwards, behind the third molaris, and 
are ſpent in the gums. 

F Two ſmall nerves which form a plexus, and ſend numerous minute fi- 
bres G, into the membrane of the pulp, which fills the ſhell of the third 
molaris. 

H A few fibres from theſe nerves paſs from the membrane of the pulp a- 


longſt the outſide of the tooth, and are loſt in the gum. 


Pp n 
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„ XXVI. 


1 table repreſents a ſmall but conſtant branch of the 

muſcular ſpiral nerve of the human arm, which is con- 
nected to, and appears to terminate chiefly in, the back part 
of the capſular ligament of the wriſt. | 


N 

A The extenſores carpi radiales. 

B The ſupinator radii brevis. 

CD The extenſores pollicis. 

E The metacarpal bone of the thumb. 

F The Bac Part of the metacarpal bones of the fingers. 

G The tendons of the extenſor digitorum communis, and of the indica- 
tor drawn to a fide. 

H The burſa' mucoſa of the tendons cut open at G. 

I The deep branch of the radial nerve of Winſlow, or muſcular ſpiral of 
my Father, perforating the ſupinator radu breyis. 

K A branch from it, which, at L, ſeems to grow larger, and adheres there 
cloſely to the back part of the capſular ligament of the carpus. 


M Nervous filaments continued from it to the back of the metacarpus. 


TABLE 
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T- A223 206-40 


| _—_— table is chiefly intended to ſhew a plexus formed 
by the joining of the recurrent nerves with the ſuperior 
laryngeal, 'and the termination of their branches in the 


muſcles and ligaments of the larynx. The nerves of the tongue 
are likewiſe delineated. e 


AA A probe paſſed through the pharynx B, and oeſophagus C. 

DD A probe paſſed through the larynx and the trachea. 

EF The dorſum and apex of the tongue. 

GH The inferior maxillary gland and its duct, and the ſublingual gland. 

1 The lingual branch of the third branch of the fifth pair of nerves. 

K The lingual branch of the ninth pair and lingual artery. 

L A ſmall plexus formed by the joining of the fifth with the ninth pair: 

M The lingual branch of the eighth pair. 

N Part of the gland, commonly, but improperly, called thyroid: 

O The inferior thyroideal artery. 

P The cornu of the os hyoides. 

Q The baſe or anterior part of the os hyoides, 

R The epiglottis. 

S The thyroid cartilage drawn downwards after cutting the ligaments 
which tie it to the os hyoides. 

T The poſterior and inferior corner of the thyroid cartilage, articulated 
with the cricoid cartilage. 

U A briſtle paſſed under the muſculus crico-arytenoideus poſticus, 

V A briſtle paſſed under the muſculus crico-arytenoideus lateralis. Imme- 


diately above V, the muſculus thyro- arytenoideus is ſeen obſcurely. 
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W A briſtle paſſed through the muſculus arytenoideus tranſverſus. 


X The recurrent nerve. 

Y The ſuperior laryngeal nerve. 

Z A plexus formed by the joining of the recurrent and ſuperior laryngeal 
nerves, from which branches are ſent off to each of the muſcles, and 


alſo to the proper ligaments of the larynx or glottis vera. 


The recurrent and ſuperior laryngeal nerves, by being macerated at the 
time of 'drawing them, appeared much larger to the painter than they are 


in a recent ſubject. 
4-7 


TABLE 


— 
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TAB LF... 2 


HIS table repreſents, in a child, a nerve which is con- 
tained in the canalis pterygoideus of the ſphenoid bone, 
and which joins the ſecond branch of the fifth pair of nerves 


to the firſt ganglion of the great ſympathetic nerve, and to the 
portio dura of the ſeventh pair. 


ABC The noſe and part of the upper lip. 

D The external ear. 

E The meatus auditorius externus laid open. 

F 'The membrana tympani. 

G The three ſemicircular canals of the ear. 

H The cochlea. J The cavity of the tympanum. _ 

IK The internal carotid artery. 

L The trunk of the fifth pair of nerves. 

M The root of the firſt branch of the fifth pair cut. 

N The ſecond branch of the fifth pair, or ſuperior maxillary nerve. 

O The root of the third branch of the fifth pair cut. 

P The infra orbitar branch of the ſecond of the fifth. 

Q Deſcending branches from the ſecond of the fifth. 

R The naſal branch of the ſecond of the fifth, running inwards, towards 
the ſide of the noſe. 

8 A branch reſlected from the ſecond branch of the fifth through the ca- 
nalis pterygoideus. . 

T A branch from S, which joins with the portio dura of the ſeventh pair. 

U A branch ſent downwards from 8, to terminate in V, the uppermoſt 


cervical ganglion of the great ſympathetic nerve. 


Q q TABLE 
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3 XXVIII. 


T HIS table repreſents the human chorda tympani joining 
the portio dura of the ſeventh pair to the lingual branch 


of the third branch of the fifth pair *, 
4 * 
A The temporal bone. 
B The malleus. 
C The incus. 
D The foramen ſylomaſtoideum. 
E. The portio dura of the ſeventh pair. 
F The riſe of the chorda tympani. 
GH Small nerves connected with the chorda tympani. 
I The termination” of the chorda tympani in the lingual branch of K, 
of the third branch of the fifth pair of nerves L. 


* 'The bone which covered it at its riſe and in its courſe from the cavity of the tympanum is cut off, 


TABLE 
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1A XXIX. 


1 N this table the ſemicircular canals and cochlea of the hu- 
man left ear are repreſented, with the holes in the bones 
for the paſſage of the ſeventh pair of nerves. 


Fis. I. Repreſents the inner part of the left ſide of the baſe of the cra- 
nium, with the canal for the ſeventh pair of nerves, and the ſuperior and 
poſterior ſemicircular canals of the ear cut open, viewed from the back part 
of the oppoſite ſide of the head. | 


/ 
A The ſupra orbital plate of the frontal bone: 


B The temporal wing of the ſphenoid bone. 

C The inner ſide of the ſcale of the temporal bone. 

D The print made by the middle artery of the dura mater. 

E The hollow under part of the occipital bone in which the left hemiſphere 
of the cerebellum was lodged. 

F The foramen magnum of the os occipitis. 

G The print made by the lateral ſinus. 

H The hole at which the left lateral ſinus and the eighth pair of nerves go 
out. 

I The back of the poſterior clinoid proceſs of the ſphenoid bone. 

K The anterior clinoid proceſs, 

L The ſella turcica. 

M The edge of the oval hole of the ſphenoid bone for the inferior maxil- | 
lary nerve. | 

N The inner end of the os petroſum. | 2 


OO The upper and under cut ſides of the canal for the ſeventh pair, called, 


improperly, meatus auditorius internus. 
P 
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P A briſtle paſſed from the ſcala of the cochlea into the veſtible, and from 
the veſtible into the anterior end of the ſuperior ſemicircular canal Q. | 
R The poſterior ſemicircular canal cut open. | 
S The common canal formed by the "Jung of the ſemicircular canals Q_ 
and R going into the veſtible. 
T The under end of the poſterior ſemicircular canal going into the veſtible. 
U A briftle, the two ends of which are introduced into the external inferior 
horizontal ſemicircular canal. 
V A briſtle put into a paſſage, which is open in the ſkeleton at its inner 
end, and which is ſituatell about a quarter of an inch farther out than the 
hole for the ſeventh pair, then paſſes under the ſuperior perpendicular 
ſemicircular canal, and terminates by a blind end, within the os petroſum. 
WA briſtle put into the beginning of the canal for the portio dura. 
X A briſtle put into a hole in the central pillar, or modiolus of the cochlea, 
through which a principal branch of the portio mollis enters, 
YZ Principal holes, through which branches of the portio mollis paſs to 
the veſtible. | 
a The hole for the aqueduct from the cochlea deſcribed by Cotunnius. 
b The hole ſaid by Cotunnius to tranſmit an aqueduct from the veſtible. 


Fic. II. In this figure the bottom of the meatus auditorius internus, or 
canal for the ſeventh pair of nerves, is repreſented, as it appears when mag- 


nified to hit ſix diameters. 


WXYZ By theſe letters the ſame parts are pointed out as in Fig. I. 
cc Repreſents a cribriform plate through which the other nerves of the 
cochlea pals. 


de Shew cribriform parts through which the other nerves to the veſtible 


paſs, and from it to the ſemicircular canals. 


Fic. 
* 


EXPLANATION OF THE TABLES: i57 


Fic. III. Repreſents the os petroſum diſſected, ſo as to ſhew the cochlea 


and ſemicircular canals with the paſſages for the nerves, viewed from the 


fore and outer ſide of the head. 


A The fella turcica. 
B The poſterior clinoid proceſs. 


C The anterior clinoid proceſs. 

D The round hole in the ſphenoid bone for the paſſage of the ſecond 
branch of the fifth pair. 5 

E The oval hole for the paſſage of the third branch of che fifth pair. 

F The hole for the largeſt artery of the dura mater. 

G The ſuture which divides the temporal bone H, from the ſphenoid. 


I The inner end of the os petroſum. 


K The canal for the internal carotid artery. 

L A hole cut to ſhew the beginning of the canal for the carotid artery. 

MN The outer, or offeous end of the Euſtachian tube laid open. 

O A briſtle paſſed into the firſt turn of the poſterior ſcala of the cochlea, 
which is cut open, and from it into the foramen rotundum. The dia- 
meter of the modiolus is ſeen here. 

PQUV WAX Point out the ſame parts as in the Figures I. and II. X Shews 
the ſecond turn of the cochlea and its apex laid open. The oſſeous part 
of the modiolus terminates in the ſecond turn of the cochlea. 

The cavity of the tympanum cut open. 

A probe put from the cavity of the tympanum into the foramen ovale. 


v A probe put from the cavity of the tympanum into the foramen rotun- 


dum, 


R r TABLE 
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n 


R E PRESENTS the os petroſum diſſected, after being ſof- 
tened, ſo as to ſhew the diſtribution of the portio dura 
and portio mollis of the ſeventh pair, but chiefly of the latter. 


— 


Fic. I. Repreſents the Lack view, and Fic. II. the fore view of the 05 


petroſum, and parts of the left ſide. 


ee 


A The inner end of the os petroſum. 

B The outer end of the os petroſum. 

C The back of the external ear. 

D 'The poſterior end of the ſuperior ſemicircular canal, 

E The ſuperior end of the poſterior ſemicircular canal joining with D. 

F The inferior end of the poſterior ſemicircular canal. 

G The. portio dura in the meatus auditorius internus, ſituated in a half 
ſheath, formed by the portio mollis. 

H The continuation of the portio dura. | 

IK The two principal parts of the portio mollis. I Ends in the cochlea, 


and K in the veſtible and ſemicircular canals. 


Fi. 


A The upper and fore part of the cartilage of the external ear. 
B The meatus auditorius cut open its whole length. 

C The membrane of the drum. 

D The malleus. 

E The incus. | 

F The head of the ſtapes. 


G The 
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G The portio dura of the ſeventh pair. 
H The bone which contains the fore end of the ſuperior ſemicircular canal. 


I The outer and poſterior part or branch of the portio mollis, running to 


K the cochlea, from the membrane of the two laſt turns of which the 


bone is ſeparated. 
L A ſection of the internal carotid artery. 


M The inner end of the os petroſum cut. 


Frc. III. Repreſents, from a ſimilar preparation, the parts in nearly the 


ſame view as in Fig. II. and they are diſtinguiſhed by the ſame letters. 


Fro. IV. and V. Shew the portio dura and mollis, with the membrane 
of the cochlea, ſeparated from the bones which covered them. 


*% 


Fic. IV. 


G The portio dura turned to the outer ſide, ſo as to ſhew fully. 

IKL The half ſheath of the portio mollis, in which the portio dura was 
lodged. 

I The inner fide, or branch of the portio mollis, ending in M, the mem- 
brane of the cochlea, the turns and apex of which are ſeen diſtinctly. 

K The outer ſide, or branch of the portio mollis, which terminates in N 


the veſtible. 


L A thin middle portion, by which theſe two ſides or branches are joined 
together. 5 


O A ſmall thread that ſeems to be nervous, and which joins the portio 
dura to the outer fide of the portio mollis. 
In Fig. V. The ſame parts are repreſented as in Fig. IV. and diſtin- 
guiſhed by the ſame letters; but with this difference, that the trunk of 


the portio mollis / is turned forwards, ſo as to ſhew the under part of IKL. 


, TABLE 
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$45 --D-- &o:. B XXXI. 


| ba this table, the membrane lining the human cochlea, with 
the nerves from the portio mollis of the ſeventh pair, are 


repreſented with the utmoſt accuracy. 


* 


Fic. I. Repreſents the membrane of the cochlea, and the branch of the 


portio mollis ſent to it, of their natural ſize; And 


Fic. II. Repreſents the ſame parts magnified to ſix diameters. 


A The branch of the portio mollis which is ſent to the cochlea, compo- 
ſed of many bundles of threads. | 

BB Part of it lacerated by the ſhaking of the preparation in the liquor in 
which it had been preſerved, for upwards of twenty years, before a 
drawing of it was made. 

C Some of the faſciculi running upon the membrane at the firſt turn of the 
cochlea. 

DEF The ub edge of the membrane of the different turns of the 
cochlea. 

G The apex of the cochlea. | 

H A large branch of the nerve which paſſes through the centre of the mo- 
diolus, and from that is continued to the apex of the cochlea where it 


forms a circle I. 


Fic. III. Repreſents part of the branches of the portio mollis, diſtribu- 


ted on the firſt turn of the cochlea, magnified to fix diameters. 


FIG. 
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Fi. IV. Repreſents ſome of the branches in Fig. III. magnified to a- 


bout thirty diameters. In both figures, ſimilar parts are diſtinguiſhed by 
the ſame letters. 


A The trunk of the branch of the portio mollis which ſupplies the coch- 
lea. | 

BB Part of it lacerated. 

K A branch of an artery croſſing the nerves. 

CC The faſciculi of nervous fibres diſpoſed in a regular manner, and be- 

ginning to ſpread out on the membrane of the cochlea. 

DD An elegant plexus which they form. | 

EE FF The plexus continued; but the ſtructure and connection of parts 
is ſeen here much leſs diſtinctly, not only from the nerves dividing into 
much ſmaller parts, but that theſe, with the membrane, become ſudden- 


ly much leſs white, or more pellucid. 


G The edge of the membrane of the cochlea which is the moſt diſtant from 
the root of the lamina ſpirals. 


SC | TABLE 
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T AB L E XXXIL 


F IGURE firſt repreſents the upper part of the brain and 
ſpinal marrow of a haddock, and figures ſecond and third 
the top of the ſpinal marrow of a cod, with the nerves iſſuing 


from theſe, and certain ſpheroidal bodies looſely connected to 
the brain, but cloſely to the nerves. — 


is. I. 


A The fore part of the upper jaw. 


BB Two noſtrils on each ſide, with probes in them. 
CC The eye balls. 


DE Lobes or hemiſpheres of the brain. 

F The hemiſpheres of the cerebellum. 
Numerous ſpheroidal bodies are ſlightly connected to the brain by viſcid 

matter between it and the cranium, others are more cloſely attached to the 

dura mater. | | 

G The ſpine and ſpinal marrow cut tranſverſely. 

I The olfaQory nerves. 

K Two ſpherical cineritious bodies with which the olfactory nerves are in- 
timately conjoined. 

LL The branches of the olfactory nerves ending in the bottom of the noſe. 

MM A pair of large nerves reſembling the fifth pair in man. 

OO Small branches are here detached towards the back part of the noſe, 
reſembling the naſal branches of the fifth pair in man. 

PP Anterior maxillary branches of the fifth pair. 

NN The optic nerves entering the eye balls. 

Q Spheroidal bodies attached ſlightly to the medulla oblongata and top of 


the ſpinal marrow. 


R The 
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R The back part of the ſpine, with ſeveral pairs of nerves iſſuing from it, 


covered by ſpheroidal bodies, firmly connected to the nerves and to each 


other. 


HH The pectoral fins, on one of which theſe nerves are ſeen dividing in- 


to ſmall branches. 


88 Nerves, running lengthwiſe on the ſides of the body, to which no 
| ſpheroidal bodies are attached. 


Fic. II. Repreſents, in a cod, the upper part of the ſpinal marrow, of 
the natural ſize. And Fig. III. repreſents part of Fig. II. magnified. 


A The ſpinal marrow. 
B Spheroidal bodies looſely attached to the ſpinal marrow. 
C In Fig. II. Spheroidal bodies, covering and cloſely conneQed to the 


nerves and to each other. 


Within the ſpheroidal bodies, which are tranſparent, white ſerpentine 
bodies are ſeen as in Fig. III. 


TABLE 
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VV 


| f & HIS table repreſents the nerves of the fin of a haddock, 
1 with ſpheroidal bodies connected to them, magnified to 


{ix diameters.  _.. 


Fic. L 


AB Two nerves which join and ſeparate again, or form a plexus, which is 
covered by ſpheroidal bodies, adhering cloſely to it. 

B About the middle of the fin theſe ſpheroidal bodies are not contiguous 
to each other, but between them the pure nerve is ſeen. 

| C Near the extremity of the fin, where the nerves are ſubdivided into 


{ſmall parts, the ſpheroidal bodies are wanting. 


Fic. II. Shews the ſpheroidal bodies ſeparated from the nerve and from 


each other, and magnified to ſix diameters. 


They conſiſt of a tough tranſparent membrane or ſkin, containing a 
tranſparent viſcid liquor, in the centre of which one or two white, or 
opake, ſerpentine bodies are lodged. "Theſe ſerpentine bodies are ſeen 
very diſtinctly, not only when the nerve is recent, but after drying it. 


Fic. III. Repreſents the ſpheroidal veſicles, looſened a little from each 
other by diſſection, and magnified to fix diameters. 


. | 
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r XXXIV. 


F IGURE firſt of this table repreſents the ſpinal marrow 
and nerves in the tail of a ſmall haddock, diſſected, and 
magnified to four diameters. 


Fic. II. Shews the natural ſize of the tail: 


is. I. 


A The upper, and B the under part of the haddock. 
CCC The Bodies of the vertebrae. 


DD The ſpinal marrow, with the ſpinal nerves iſſuing from it. 


Theſe nerves, as they proceed, form plexuſes GG, which are covered by 
ſpheroidal bodies that adhere firmly to the nerves, and to each other. In the 
fin of the tail the ſpheroidal bodies gradually become leſs numerous, then 
are ſeen ſingle, or at a diſtance from each other, with the nerve appearing 
bare between them, as at HH, where the nerves are ſupported on pins. 
At laſt, near the edges of the fin of the tail, where the nerves are divided 
into ſmall parts, the ſoheroidal bodies are not found, 


1 e 


| o 
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F: 4B L K XN 


1 table ſhews the appearance of the branches of the 
portio mollis diſperſed on the human cochlea, viewed 
in the ſun- ſhine with a double microſcope, which enlarges the 


diameter 146 times. a F: 


A A nerve entering the cochlea. 
BB Serpentine, or convoluted fibres, which ſeem to compoſe the fibres of 
which the nervous plexus formed here conſiſts, 


C The continuation of the plexus which, at this place, becomes very 
tranſparent. | 


D The threads of the plexus ſeem, at this place, ſpread out uniformly, 
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T.-0.-:4..2. av 


F IGURES firſt, ſecond, and third, ſhew the appearance 
pl the retina of the human eye, when viewed in the ſun- 


ſhine with the microſcope. 


In Fig. I. The diameter is magnified about ſeven times. 


a Is the retina. 6 Is an artery. 
In Fig. II. The diameter is increaſed about 60 times. 
In Fig. III. The diameter is increaſed 146 times. 


Fr. IV. Shews the appearance of the membrane; and F ig. V. Of the 


ſubſtance of the cryſtalline lens, when viewed with a microſcope, which 


increaſes the diameter 146 tunes. 


Fic. VI. Repreſents part of the membrane of the noſe, viewed with 


the ſame microſcope: 
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Fic. I. The dura mater. 

Fro. II. The pia mater, h 

Fis. III. A The 1 B Medulla cerebri. 
Fic. IV. and v. Portions of nerves. 

Fic. VI. Part of a ganglion of a nerve. 

Fic. VII. and VIII. Portions of muſcles. 
Fig. IX. Part of the tendon of a muſcle. 


All viewed with a double microſcope, which increaſes their diameter 


146. times. 
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T.-L F-- nw. 


TI three figures in this table repreſent the appearance 


of the muſcular fibres, and nerves entering them, when 


viewed, in ſun-ſhine, with a double microſcope which in- 


© creaſes their diameter 146 times. 


A The outlines of the muſcular fibres. 


B Nerves running to the muſcles. 


C Nerves fixed to, and ſeeming to form the muſcular fibres. 


T AB L E XXXII. 


| Fis. I. Part of an artery. 
Fs. II. Part of a nerve. 
FIG. III. Part of the lungs. 
Fic. IV. Part of the pleura. 
Fic. V. Part of a bone. 


Fic. VI. Part of the nail. 


Viewed in ſun-ſhine with a microſcope which increaſes the diameter 146 
times. 
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p44 -£ EM 


1 N this table, the appearance of a perpendicular ſection of 
the papillae of the ſkin of the finger after the cuticula was 
detached by putrefaction, is repreſented magnified to 146 


diameters. 


Fr. I. 


A Repreſents the ſection of the papilla which, I have found, is ſubdivided 
by irregular partitions. | 

At B, on which the light of the ſun is thrown by reflexion, the whole 
papilla and ſubjacent part of the ſkin ſeem to be compoſed of ſerpen- 


tine fibres. 


F109, . 


A Repreſents exactly the appearance of the external ſurface of one of the 


cutaneous papillae. 


At B, on which the light of the ſun is thrown by reflexion, the ſurface 


ſeems to be covered with a web of ſerpentine fibres. 


TABLE 
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3 table repreſents the appearance of the parts which 
compoſe the common teguments, illuminated by ſun- 
ſhine, and viewed through a microſcope which increaſes the 


diameter 146 times. 


The Figures I. II. III. IV. repreſent the human hairs of the head with 


the bulbs in which they are rooted. 


AA Their bulbs. 

BBBBBB Arteries and veins of their bulbs. 

CCC The hairs. 

D In Fig. IV. One hair ſplitting near the point into two fibres. 


All the above parts ſeem to have numerous ſerpentine fibres in their 


compoſition. 


Fic. V. Is a rude ſketch of the appearance of the ſkin, cuticula, and 
fibres which connect them together. | 
A The cuticula. 
B The cutis vera. 
CCC The fibres which connect the cuticula to the cutis vera. 


Serpentine fibres ſeem to enter into their compoſition. 


Fic. VI. Is a very accurate drawing of the ſize and ſhape of the follicles 
which, 1 have found, contain the fat in all parts of the body. 


Theſe viewed in a clear light, eſpecially in ſun-ſhine, ſeem to be covered 


with a net-work of ſerpentine fibres. 
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13 HIS table ſhews the appearance of a mite, viewed in 
the ſun-ſhine with a double microſcope, which magni- 
fies the diameter 146 times. 


The whole body and limbs ſeem to be compoſed of convoluted fibres. 


— 


i ak 
n XLIII. 
1 table repreſents the appearance of ſome of the parts 


of vegetables viewed with the microſcope. 


Fid. I. Repreſents, of its real ſize, a tranſverſe ſection of a branch of 
lilac. 
Firs. II. Repreſents the ſame branch, viewed through a magnifying glaſs 


which increaſes its diameter about ſix times. 


Fic. III. Shews the appearance of the ſame branch viewed in ſun-ſhine, 
with a double microſcope, which increaſes the diameter 146 times. 
A The pith lodged in cells. | 
B Air veſlels in the wood. 

C The bark. 
All theſe parts appear to have ſerpentine fibres in their compoſition 


when viewed in ſun-ſhine. 


Fre. IV. Shews the appearance of fir dried; and Fig. V. and VI. ſhew 
the appearance of thin ſlices from the recent leaves of myrtle and gera- 
nium, ſeen through a microſcope, which increaſes the diameter 146 times. 


Numerous ſerpentine fibres ſeem to enter into the texture of the wood 


and of the leaves. 
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T'A E 

T HE ſeveral figures in this table repreſent an appearance 

of ſerpentine fibres in the metals, ſemimetals, ſtone, gum, 


ſolid oily bodies, falt, when viewed in ſun-ſhine with a mi- 
croſcope which magnifies the diameter 146 times. 


Fic. I. II. III. Repreſent the appearance of the ſurface of gold, ſilver, 
and tin, cooled, after being melted. 


Fic. IV. V. VI. Repreſent gold, flver, and iron, poliſhed, 

Fic. VII. The point of a new lancet. 

Fic. VIII. A bit of | gold leaf. 

Fic. IX. A bit of flint. 

Fic. X. Gum Arabic. 2 2 4 
' Fic. XI. XII. Tallow and ſpermaceti. 


Fig. XIII. XIV. Cryſtals of ſea ſalt. 
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T A B LE XLV. 


1 N this table the appearance is repreſented of different me- 
tals, viewed with a microſcope which enlarges the diame- 


ter 146 times. ; 


Fis. I. Repreſents gold that has been poliſhed. 
Fic. II. Repreſents leaf-gold, in which ſerpentine looking fibres appear, 
not larger nor more irregular than in pieces of metal, melted and cooled 


without being poliſhed, or poliſhed after they were cooled. 


Fic. III. Tin. And 


Fic. IV. Lead, both of which had been melted and afterwards cooled. 


TABLE 
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2-& ©: 7K XLVI. 


= IS table repreſents the appearance of very numerous 
veſſels, injected in cicatrices, which ſupplied the place 
of portions of the ſkin of a pig which had been cut our. 


Fic. I. Repreſents the injected veſſels of a cicatrice of the ſkin, of their 
natural ſize. 


Fic, II. Repreſents the ſame magnified. 


In Fic. III. A Repreſents the injected veſſels of a cicatrice of the ſkin 
of the head. 


B Repreſents the injected veſſels of a new formed membrane, connected 
with the pericranium, and which filled up a hole that had been cut in 
the ſcull with the trepan. 


TABLE 
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T Ad 8 


F. IGURES firſt and ſecond of this table repreſent veſſels 
injected from the aorta, in a portion of the ſkin of the 
abdomen of a pig, which, before the injection was made, had 


been completely detached from the neighbouring _ by 
inciſions made at different times. 


Fic. I. Repreſents the parts of their natural ſize. 

AA A longitudinal cicatrice, which rejoined the parts of the ſkin which 
had been divided by an inciſion. 

B, B, B, B, B, B, B, B, Cicatrices filling holes made by the needles uſed in 
ſewing up the inciſion. 

CD Veſſels on both ſides of the cicatrice or inciſion. 

AA filled by injection, although the injection was thrown into the trunks 

of the veſſels on one fide only of the cicatrice. 


Fs. II. Repreſents the veſſels in the portions CD, as they appear view- 
ed with a magnifying glaſs. Some of them can be ſeen paſſing acroſs the 
cicatrice A A. 


Fig. III. IV. Repreſent veſſels injected in a new formed membrane 
which connected the inteſtine ilium of a pig to the peritoneum lining the 
abdominal muſcles. | 

Fig. III. Repreſents the parts of their natural fize; and Fig. IV. repre- 
ſents a portion of the ſame magnified. 

A A ſection of the ſkin and muſcles of the abdomen. 
B The inner fide of the muſcles lined with the peritoneum. 
D The ſurface of the ilium, connected to the peritoneum by a very vaſ- 


cular new formed membrane C. 


nh . -  ——_—_— 


| 
4 ; 
t 


Mp 


—— 


- _ _— — — —_— — — = 
2 — rem rents met — ͤ — — ny —__—— — 


— — 


—_— — ———— 
_— 


— — 


— 


ö 
5 


Pr rr 


* — — —_— 
— — — — 


- 


TEE — "a | * — x — : * _ : * z 3 & - — — i * 0 - a | * — - 
. , J T . 6 —_— — , * $ , . „ r — TOT 


* 
. * 
* 
* - — 
1 ® * * * 
q 
- Py * 
* 2 i 6 % * 5 F 
- E 9 = ; 1 5 7 ww) 
. - "i = „ =_- 
. 9 0 
- —— 
* . , 
_ ” * 
— — 
— 
. * 1 / * 
e, 
1 {| | 
= p Wann , M1 f N * 4. +, - 
* ; 4 - / nee 0 a 0 1 * . by l : A 0 - « ” 
* - 
* 1 * : : , 
— » q 7 .» 
\ | \ A . 
I. Wy hi } =: 1 
\\ } | " [ X- 
. I ” "2" ; * = 5 . 
N * , , ; S 
= 1 751 il 6, 5 4 - * I S 
l | 177 Fit 5 - _ -> 
1 | | it 55 Ct LA — . 
1 % , ; 
1 [ , W/ 1 
| WV 01007 014856 6 / | 
1 a * W. = 18 N ' 
WH | 
- 8 5 * 
4 © 3 * 2 bd * 
| | ö , 772 
| — MH - 
bl . i — 3 ”; | * 
— CCC 
* 1 ll T1 / „ p * 
g 4 
= 5 1 / g "4 / / 5 
4 / | 2 WHT 4 
* Py . H o : * / * 1 10 , ” ' 5 
= . | : : 
0 ; 
. - 2 
_ * . „ y 
- ? 1 = 
4 L % + * N 1 4 1 7 
7 0 {20 
- a} 5 7 < 
— * / 5 i 
: 4 - 
* þ | 
b 
< , *., - 
K - 
. * 
- . | ' 
. V N N WW , 
\ * WAY N 8 
: g * x 4 1 N { W \ : * W — : 
r 2 d „ 2. Ws 1 
* * DES A oi LL - , 
0 — 


* 
5 ” 
. 
- 
F * — 
S =» * * , I 
- 
1 # # 
= 
* 
bn . 
: * 
= 
” ” / 
- - 
— - 
. ” 
s #4 
" ; ; | 
: = 
" | 
. 2 
- * : a 
| 0 
| * 
* - 
* 
6 . 
y U 
— 
* 
. 
- 
” 
| - 
_ 
_ | 
* * 
* p . | 
T o 
” 
* 
” , 
= . | 
: : 
% . 4 
1 F * 
4 
- 
3 k N 
= * oy ; | 
* 
7 . 
. | 
* ; * | 
| = . 
« | * 
7 — 7 -, . 
, 1 
" - . >. # - a X * * * is > $ Y 
* 1 
1 . - 7 : : , | 
— 4 * — 6 4 b | X 
. 4 Fa " N : | 0 
0 - F 4 8 85 
| | | f ; ; © 
) : p 4 ” ” 
” 
- 0 
* «O's 
OY . , g 8 MX F 2 
* 4 * 7 4 4 4 , ' 
4 - 8 p 
. 
z ® s 7 4 F N : 
- 
: by - f * | 
, * « 
| . 
” 8 | 
* = 
- 
* 
* 
— * — 1 8 , . | 
. 4 5 | 
* 
* 5 
9 — 1 ä | 
- 
= 
* 9 
” 
* 
* 
* «1 
; * o 8 2 , 
. F 4 
- | ; 
q 7 
6 " ; T 
— * FX. 4 
* < 7 . 
. ** 
0 * 
& 
= 
1 4 yg © 
= - Z 
. | 
: * 
- 
” 
© 
= 
= 
- 
© 


— 


— © 22 
* — _ — 5 — — — — — — — — — - — — — = — * 
— . L wa — — _ — 4 2 — .. — => — : — - ; : 
— — E * —_ — — * o . by — - — - — — 
— — =—_ — —Y PS. — — — — — —̃ —⅛ — —— — — — — — _ — — — — — — — — 
— _ - — * * — — — — — _ — — — — — * — — — — — — — — — 
— — —— — - — — — — — — — — — 
= — — - — -_— — - 
= ö * = —_— — n- - — — . — — = — — — — ——— = - = 
— : — — — 8 — — — — — — — — — — — — - — r mn no — — — 
' — — — — — — —— —— — — —— ͤcAbb CC OCD———— —__—_ — — — — —— — —— — —— — ———— 
= —— — — — 2 == — —ͤ—ę—ñ—— 4 — — — — 
* . 
* 
- 
- 
® — 
- 
- 
— 
* * 
1 -. 
. 
* 


"CAB. VI. 


22 — — — 


— - — — — 
— — — — — —_ — — — 
— — — 
Enn. ]%⅛˙¼.?.õ OE 


— - — 


- 
o 
7 %% 
= N 
8 27-7)... 
RS 
„ FL, 4 ' 2 


\ 
: * 
= . 
* FD 2 2 
. - . 
- * 2 
* 
1 * * o 
- „ * 
1 : * 224 a 
5 
- - n 9 
— X. 9 - * 
- a * 
. fs , 1 * * 
4 * * 
| \ : 8 ö „ 
2 e ? 7 

7 1 . , . P | P 97 ils 4 . 4 ot! . * 

, le 177 1 1 1 6 Pp 1770 1 "1 4 F 0 - 

_ * a N 4 n 4 l 1 8 — © 

- \ Py ? 

* . : 
Y * ' 
. 7 , 4 

* . = 
# - 
= — 
q : 
= = _ 4 » 
= * * 
” 
= - _ 
9 _ = 
4 - 
F ' 8 
- 
* 
$ jp > 
3 4 
+ 7 * - 


_ ; | | 
. 
| , „ 
* | | | 
' mY 4 8 | 
* 


> * — ＋ td. doo 14. f 
4 0 0 1 3 = * 128 * — . 
* > [ . . WA * X\ * 4 zh 
. . +, I * 0 . mM 4% * 1 —4 6 
5 | oo DL 
| : wo 


ee Pf 


* 


Ga 
C 4 o * 
. . «> » 
. 
843 
= - ® 
- = 
= CT. : 
. — 
. 7 0 
«at % . 
” 3 * 
. * - * 
= = . : 
} 9 
1 
— 
1 F 
- — 
— 
— 
—y 
# 
- 
#3 , 
E | . 
: > TS : 
* 7 * 
. — 
| Y 4 
| | - 
< G 
o . \ 2 
: 4 * 7 
6 . 
o 


- 
i% 3 

* 
» 


* 
de 
5 
. 

bu 


— 
* * 
« © 
| - | How 
Oo 
l : 
= 
* * = 
= 
a q 5 
* 9 
= - 
. 
- 
” - 
* 
= 
- * 
1 * 
1 
— 
4 = 
1 
. 
4 — 
- 
” 
N ” 
- 
- = 
” 
= © = 
* » 1 5 
= 
. 
= = þ 
= 
„ he 
N . 
9 * * * 
. - 
* a 
Sack 
- 
- 4 4 
* . 
: = 
5 L þ 7 * 
- 
- - - 
. 
- . 0 
9 1 
* 
= 
" 
— 
. 
. 
= 
N 
- 
_—_ 
* 
— - 
| - 
* „ 
: 
: 4 
l p f 
pe ” 
* 
* - 
= 
* = +4 
4 * / x . 
N 
1 LIE 
: - * = 
. * 
ö 5 1 no 
N p R 


= : 
. $57 4 
< ap” 
= —_ 
- : o 
* 
* — 
l R . 
. 
o * E 
# 
: - 
* 0 
- 
- = 
*- 4 
- 
| . 
| |; 
. \ * 
- 
* 
| a a 
7 1 
* % 
! 4 a : 
4. 
o 
- - 
* 1 „ 
* * : 
. 
— 
o 
- 
* a. 
* 
: * 
- 
= 


M0 
. 
* 
43 
* 
* ol 


2 
bat = A. 
. } 
a 4 A 
- > 
« * 
c. * 
= 
— 4 * . 


LS 
- 
— . o 
. - 
, 
* 
„ 
0 4 
* - 
- 
- 
v9 
*- 
— * 
9 
1 
A o 
. 
_ 
= 
- 
. 
9 
— 
- 
1 
- 
* » 
= 
* 
* . 
- 
* 
- 
a 
. 
. 
- 
* 
- 
. 
o 
” 
- 
* 
= 
_ 
= 
— 
9 
= \ = 
* 
4 
-. 
* 
— 
YI 
- 
- 
- 
- 
\ * * 
* - 
* „ 
* 
* 
; 
” 
- 
. 
- 
. 
„ 
0 
1 
- 


2 *. Se” 
£4 al vo +» 4 64 +> -- 6 <A, os 5 ' | 
- 7 * q _ 5 * * 7 %. * N. * — . 
Y | X y Su . be — £ — 
4, - "ox Ju : 4 
- * : A 4 93 2 = >. i 4 
#: © * 3 0 * * ky - * 
* - . \ * + * 4 F * . : 
_— = * 0 = 0 "IX - 24 2 of . - | . \ 
y 4 "os L i * . l : 
3 - x r 2 5 "Ra . 
| 4 8 J 1 I; * 2 " "I 
* = 4 » . \ 17 - * 3” "Xx * 8 
0 ; G . 0 
22 f * . — | | : - 62 2 4 
5 : « * N Flt! 1 . 
5 \ / 2 * * e 2 . * —_— 9 by 
- - * 1 « 2 o "- * . — - 
, - - * — . * - —_— @ - 
7 ö 1 1 a ” 4 4 N 
7 9 * - CY # . L 
. 4 f N 
4 v - a, - — * 4 yy 
— * % 4 N of _ . - * . 2 
* * E - I "4 
Q * © - « 
: 3 " 1 _ Y >» * a a> 4 
* * ! 
+ "A . . + 7 ». bo 1 = * *, 
: : $4 . : a : * 5 
* * J - 1 4 * — 4 Tk 
4 - d e 4 _ * > A's 
— = * 7 919 960 N 
. * . 7 9 * 
* * - . a 1 - 9 
: 5 7 0 = E \ = 
8 ' . - , 
ge © : - - ; « : x; Fa . 
0 . * b - w - = - - 
" - 
. 
N - 
4 _ 
_— 
N - 
0 * 
I U 
- 
-_ . { 
F — 
* + * * _ 
* * oy 
f . . wo ”- 
3» 
- ” P = 
* — 2 d 
: : 4 - „ P 
— - 
. 
2 
. 5 5 
— 
= 
\ © . 
* = : 
* 4% © 0 % % y 
. 2 o . 
CY IP e 
« # 5 
\ - * > p - 
= - Goto 94 
28 9 
- 0 * „ 
- * 
9 = ” o = 
- a 
” , + F2 : 5 
q * as 1 
1 * * 9 . p . ” 
- . - ” 
. 2 / = bo : — 8 , © 
- ? — - 1 
- = 
"0 0 22 
3 5 bs . 
* 
- . 
of l F AG p —R. = A 
. « as * = = 
170 1 1 - * % G = 
3 Ms = = 
7 . 4 = 4 l pry N 1 5 
> py 4 
PX \ * x2 * 2 \ 4 . 
o ry 4 * £ _m . — 
* — » . 4 = _ * 
- 
. * = 
- \ OS K * 
5 4 4a Swe c i uity 7: : c 
= - 6 # . 
7 8 pL a . 
„ 8 7 a” = 6 - - F 1 *% 4 mn 
, l . r 
* 2 - 5 * ” © SS - © 
- * = * . 7 
* , 8 
5 * * =. 8 4 
0 : » * - « — * FIC N 4 = 
4 7 - n. A 
o o P 3 * 
» - 1 a2 ry . 4 - 7 
* of” - * * bs 
4 bo : < * * I . PS 6 
o 7 9 
* * - 
469 * 
1 fe - * : 
. < ' S « £ 4 
: TY 
- | x , IS. - W z 4" # et n 
e * | LW 
C ay - 
* 5 = 
N N . 4 FR 
= Fax. * - 
* *. * « - *. 
# 4 > 4 
1 * \ : \ 
8 e J F _ * * * * 
E 
4 \ . : * —_— . # 4 
y . * 1 
* . * 9 + 2% 
, N © LY . — 
© —— s 0 - 8 * . * . by. - 
* * * 6 l 1 P * 1 
= — - \ - «1 0 * « N 
* = . 4 
Po 8 — 
4 1 — - pl . * - 
T * o 
* - „ = cn 
o - - * - = 
. | 3 7 
- i . 
* = - = = = 
" » > - o . ” Y La - 
- © 
"=" o 7 * - . * 
— * 4 Py = 
4 =- - hn 
4 , 4 3 *» 
4 3 4 F q 8 A 1 - 
N * " 22 * 
4 * — a «4 * 8 = — 
A JE | : 
P : > N 
* „ 
a - ® \ 9 . „ 
54 = * & \ hy „ * * * 
"= 6 N Fr Sy. : 
= GS. 0 © » * 4%. — * 4 
g . 1 k * . * 
p- 3 9 i . OR 
* © 9 = * . 
». A 4 . 
* * - = . * 
$, 0 3 
£ - , £ : N 
9 * 
#* . » 4 1 . : * E 
: 4 © G A 
4 „ * 4 * - 
. 4 4 
— - - - . a , 
E . V a © _ : 
_ * . 
+4 - * - 
N - 1 7 - N * 
* * 9 - ” 0 
9 L pre 
* 
= 
= = 
= * © = * 
= 
A _ . , . 
* =- 
© 4 . 
- : 1 
5 | * 1 4 7 * 4 * 
_ 4 D 
x oy 
— 4 ov - 
. * 1 — 
— * E Y | 
9 4 ©) * . 
. ” 
7 = 
* — 
2 1 - U 1 * 893 > S wb « = A” * * pe 4 * 
* . 
. — 9 1 - 44 «© * 1 
1 - = 1 
- , = 
* = 
2 * — - — 4 — 
* * » 
b Oo 
© - * & & 2 8 
1 — : * . Q C 
. * . 
* * | 
l = 
- 
= * 0 
” 17 
- 
- 1 * 
. 
. - "* 
„ 
. 
- . * 
. 
” „ 
- 
* 
- - 
4 
- 
= - 
0 o 
- _- 
- 
= 
2 = 
* 
oy = a " 
4 J = | 
- * 
* 
= 
= = 
* . 


* 0 1 4 9 * 
- \ - = * 
r 


nm rn 
* 
— d * 
x — - 
4 8 Ns Q 
* 
py A 
* 1 . 
- 
- 
. 
- = - 
— 
: ” 
: 
= 
* 11 b 
- _ — 
* * = ” 
n+ 1 + 71 - 
* * \ J VP .»* 3 
* * 0 ** 
- 5 — 4 
F 74 N " 
* = 
5 , 
*4 
- — 
. % , 
* , 
k > N | 
* 4 
. . * 4 1 
* 
, : 
- 
= = » * 4 * * 
„ 1 = * 14 — my 7 
TY — \ 7 - ” 
* = 
7 + *L 7 ** + * 7 * „ p P 
o ” 4 » tis [ Oe 4 ww” J . . _ 
1 9 = * fd * 4 41 * _—_— a whe : 
» I . 2 — g 4 
\ by 4 1 6 » \ " "= * 
9 . *r 3 * ® * 7 & » - 
- = _ = * * » \ * 
5 a - K — 7 J . 
4 1 4 : F. » 
* 1 & 
pe l ow Log ir LN * 21 IAC — N N 
* * + *. ** * 2 . 98 b > * 
& * Id 8 7 4 Us n 
o _ \ * 1 $2 52 a» 4 -e* PER . 27 
P 4 s * * * pl * 4 — . * - AY 9 - 
> + 0 Ky , * bs = - * . 
* K 4 7 . „ 3 
g X % Co OBE * r 
N n a 9 & 
: G hb... o . 4 : * 6 
Ta ww" 4s a _ 
. 4< « | 4 
* "4 „ 8 PK 1 * e 3 
6 - | e * 9 0 
by p " * WSN * , | 
= 1 a 
of 


* 


— —— — — 


— : v ® 3 ——_— — = wa y= 
* — oy 7 4 — p - 4 — — — > —. 7 A - — 2 — — ——— — = 2 — — — —— — — — — ü = — — . c ——————— — — — — — FM — 
EE rr eee eee eee — — — —— —ẽ — = 4 —— — — — — — == — — - : — = — : 
_ N 4 
* 7 : - 4 
* 2 
* 
— *. 
Ly 1 8 +4 
on 
G f - 
= 
o * - 
on OY 
+ 
o . 6 
* 
. n 
N \\ IN * 
v4 W Wo 
N »\ 
8 
0 = 
* 
I 
- Fs 
* * Z * — 
1 
= 
oy 
: i 
x * 
* 
o 
4 . 
= 
7 WN , : 
5 8 5 * - 
\ * 
1. N * N wu Ro | 
N N Ai 
1 „e wi KU MON NAN it, 5 if ' ' . 
| ot 900 1 U. 0 18 e 1 1 1 . ; * 
0 bY mL NON i \ | | þ ; - 
* 
4, 
1 * 
- 5 p 4 =» 
WW 83 | | 
Tas a 2 
- 
5 a 
! 
aq 
. 


* 


,. — — —[—ͤ—⅛—— — — — . = - —— — - — — 
= 2 — — — — — — ä— — one _ — — 
—— — — - . 
— — - — — 2 EE — ——— ——— CS nn one 
© : — — — —_—_— * *. _ » þ £ - — . — — - — — — — — — - — = wang 2 — — — — — - —ẽ—— ſ — —äĩÜ— — — ———ñꝛ·«˙ ¹ 
+ << — — — — — hy —2 2 5 2 223 — _— * 2 ” * —— * 8 4 = — — — — — — — — : — — — — = — — — — — — — — — — — 5 = : 


- - 


RY C7 El 
— 


EIN PISS * ; 
a ear vn, LS 1 8 


_—_ \ 


„ 
= 
* 
4 = 
. 
” 
| |; 
| f 
* 
o L 
4 - 0 ” 
: 
. 
: 
0 * . 
. 
* 
- 
he , 
* . 
* 
” N 1 
- 8 R 
* 
- 
—_ 
. 
— 
4 V- 
» 1 
» 
- 
. 
”_ 2 
- 
% 
* * 
- 
* ” 
- 
« . 
ov 
. ” 
„ % eg» m . * 3 
- 
* 
* „ 
* 
% . 
— 
. 
1 = 
o' 
* 
* - 
* 
C 
: 
* 
* 
* 
* 
* 
* 


Fc. 
: 
* 
17 
- 
* 
- 
+ » 
hd 
# +1 my 
* 
- 


* 
- 
135 
1 
0 
. 
. 
. 
. 
. 
. 
* 
„ FA + 
* 
4 
” 
* 
: 
- 


— 
W i% + 
* 
- 
* 


4 
5 = % - 
N 
= 
% LF % 
- 
* * 
* 
- - : - 
- - Y 
» 
* 
o 
4 * 
- 
. 
. 
* * „ 
mA 
= % 
m 
— 
” 
: _ = 
- 9 
. 5 
4 = 
» - 
- * 
* * 
. „ — 
„ * 
= — * 
. o 
1 ” 
* 
— * - 
k * 
: * 
* "*. S 
% N 2 
* 1 
. 1 
4 . 
* . 
. - L * 
. 
- 
- = ”% - 
” 
: 
* 
. 
% 
— 
0 
- 
- 
by 
” * 
= * - 
, 1 
. 
* 
- 
. 
„ 
* : 
* 
* » . — 
* 
”. 
x 
» 
. 
- 
* 
** 
* 
* 
Pt, 
a 
= . 
- * 
— 
* — 
* o 
” 
* . 
. 
ay. 
2 *- 


* 
i 
% 
9 
9 
* 
. 
. & 
\ - 
£4 
* 
. 
- 
. 
” 
= 
. 
3 — 
* 
0 
, a 
* * 
: . 
. * 4 
* = 
= 
- 4 
* - 
* * 
s 
. 
* 
uy 
. o v4” 
* 
. 
* 
* 
- 
. 
* 
* 
- 
wp 
: 
= 
- 
. 
* 
% 
. 
* 


"*, 
on 
tl 


0 
* 
! 


"4 


Wy! 257 
my 


2% „„ 
MI 4 $444 
TING 3 
ti * #7 * 


PY — 


— 
„ 2 


—— — 
— 


— 
> 


— 


— —— —— V ⏑— r 


| 
| 
4 


— — — — — — — 


— 


— 5 2220 — — — FR Re” > . 
I — * — r — 2 — — - — — — — — - — - - « . py _— — — — ————_——_—_—_ — — — — 
D 4 . 2 * — 4 : = 0 — 4 — . . — —— = = : — — —— — —— . — — — — — — — — — <—_- — 
p, — — = — — E 2.” 22 — — 41 = — — — * — — — ͤòu[wi W -r ]¶ ͤ — —— — — 
— — 5 — = _— C——_— —_ — : = — — — _ 25 — — — — — — Z——— TRI — ä Ü—¼nſ —— — : 
"# % OOO CO ĩ T — —— — — ME ee — ˙ů — — * — — 8 _ —— _ 
_ 
” * 
7 . 
* 
* 
* - 
— * 
hd 
* 
. 
* 
* 
#4 
6 
* 
* 
cy 
* 
. 
. 
„ 
- _ 4 
- . 
= 7 
* — 3 W w 3 — — — _ * * * 
\ * 
= 
4 * * - 
= 
* S — 
* — - . - 
_- 
* ” 
* * . 
_— 
* * 


— - — bu 


= * ——— — 


reer TAG r 2 IM 
— * - - = _—_ = b b * 3 = = \ - A 


| — 4 
3 r? > s 


—_— — . 
—_— 


Nd 


— — = 
= — 


WS - 


» 
' 


—— — SORTED 


——— — —— 


— 
. 
P L | 
2 
J 
* 
* 
* 
TAB l 
0 
een“ | 4 — f lf WT . 
8 * 1% Ing; 1% ( 4 ae 
*% „ ; l 17 
1 * k — . 4 W 
_ 2 
_ ' : . 
. 8 * An U fo * 
7 ö . "0 
x n * 1 
d 8 = PR. * — 
1 * wum — * , P 
4 
\ * 
| * 
96 
* N : 
Fl. Leun. " 
A r — 
| RS 
ws 4 n 8 
70 
4 
; Y ; 
d Jonab ds on al© 1 J euly/ 


| 


„r — 


— ̃ũ— — 
— — _—_ : 


— — 
— +——o— 


—_— 


_ 


— — 


== pans 


— 


2 2 


— — 


— — 


io Aa cot wa IA. 


IE = 


- - N 
— — —½1 


— 


— — it — 2 


— 


, — ————— · R : ̃«³;p ͤ¼d1 . 7— Ü 


= <= 


— — — — — 


1 ——— 8 
2 ˙ 


2 N . — —— — — A” Rr — Rs 
| Hoa 


R \. 


+; 
* 


7 


* e 44 


— 
— — — — 


TIT 


— — 
+ pO I — 


= 


_ > —— 


— 


- 


. . r — —— 


— rn ——_— 


2 — 


* 


+ — 


2 —et 


"= 
2 - 


—_ 


* 
r 


r cu ye No 46S m_— 


— — — — 


- 


— 


— 
r 


- r ˙ A 


** 


— — 


* 
"4 


4 ˙ 


e 
N 


n PPP 


— 


— —— D— 


— — 


— 
— K — 
= - — — — * 
— 


— 


- 


SECT 
— 


—— 2 


=" mT 


00 


mi : 
l \ 


16 | 

7 ll 

wa ly f It 
lll 


I 
706 
Miu 

164111 


60% 


HE 


"dl 
[#4 
7 


— 


17 
[ 


/ 
[ 


* 


8 8 * — — K ⏑ r 


3 R — ——_—_ —„— 


„ „% 4 


— 2 


—— — — —„—„- — — — 
— — — —— — — 
* - 
2 1 - 
- : - — — — - 
— 4 2 — — hs — — Y 
= 
- 
- wh - 
_ 2 2 — — — —— = - w n —— — 2 — — — — —— — __ ET gen 1 3 4 85 * 
— 
” - n 
* 
* 
— 
* 
— 
* 
* 
- 
” 
* 
* 
* 
* 
- 
. 
- 
2 7 
4 
- 
- 
. ö 
p 1 
_ LY 
* 
5 
7 2 
_ 
% 
_ 
— * 
1 
5 a 
- — 
* 4 1 
= 
i 2 
1 
” * 
4 
9 
'£1 
, 4 
i 
. : 
: « 
| * 
. 
. : 
* | 
| . 
7s 
: * 
= * jor I 
— 


| 
| 
} 


== ute —— wry 


- — — — — > — — - 
1 — — — — — —— — — 
wy — — — 22 — 2 2 - 


— —— —ũ—4⁊9ꝝH . — lions 


—ͤ——ͤ—ͤ ——— ñꝗ— 


— — 


> 
: 
7 
* 
WAN 
- : Wy 1 
. \ I U 
* WY) = 
E Na N \ 
ee 8 
© = 
* - 
8 — 
hs C . 
: Q : 
. — 
» »4 
4 . | 
- 
U 
[ 
| ; 
/ 2 —— 9 * 
> 4 4 
* % 8923 
„ 
-* * 
- 
* 
0 4 
— * 9 
* 9 ; 
* * — 
4 : 
| = 
- 
=y 
= 
N 1 
: . 
: 8 4 
- by 
- 
: 
ö 4 
| N * 
1 
{ - 
4 - 
5 i | 
= 
— 
- 
* 4 ' 
oy 
= 
: . 
. 
« 
— 
*, p 
* 1 
= * * 
£ Nr * RY > 
a. td „ AC. | . Fe ** "——_— ti 4 ol —_— 
* . 
- 
I 2 r Nr ” 


— 


— 


—— In 


-— as” ———_—_—__ 


- 


„ eee. Dn 4s _ ꝛ — 


—— — — ̃ — oe oo — 


— — — — — — 


—— 


. — — — . ——.. 
— — — — — — — — — ' I = CC —— K— — — 
- _ a — — — : — — 1 2 — = - E _ 
— — 2 — - 2 : — _ : — — — I am = —— - — = h 8 — — ͤ——ö — —— — — — —— —— 
a K — : - - = ; — — = - - — — — - - — — Z = K — —— ——j—ä—ÿ DIES "Me LIE” = = 6 * — — — 
| . — 1 Ee nan I — — r ——— = _ - 
* — 1 - — — ——ů— —-—V½ — — —— i EE. ac — — — — — ww 
* 
: 4 L a $ . 
— * 
1 a * „ - a? —— — _— ut Aa Wy Pro — — * my _— = 
* — 9 
= — 
. % 'y 
- - 
27 f 
: a . 
VF 4 
* * : 
- — 
— 
- - . % 
% * 
- 
N 
* 
* 
* 
% 
2 . 
* 
= 
«A.» 
- 
wy * 
IS. \ N * \ 
. N o VN 
. \ 4 
q * 
* | 
. 
- % k 
- — * N 
— 1 . N 
- 
* 
- 
* ' 
* . 
* 
« 
o 
: 
- 
= ; 
- 
- 0 
= 
* ' 
d - 
” * 
” 
- 
% 
as - 
7 . 
: 
. 
- 
* 
— 
* . 
. * 0 
* 
- 4 — 
” 
80 
— 
1 
1 * 
4 * 
* 
d 
” 0 8 
* 
- 
> 
- 
. 
. 
= 
— 
— — A p 4 
* 
— 
o 
- - 
* 
— - * 4 
2 . 
X — 
- 
% 
oy 
% 
1 . 
. — 
- 
Fa 
? Pf 
- — 
7 - 
ay 
= * 4 
* 
— 
1 
0 
- " * ” 
ye Þ . 
” a4 - * 
* 
* 
= * * 
„ - 
* ' 
al 
* 


2 


* 0 


3 3 
as 
2 
A 9 
* 
. 
* 
* 


— 1 * 4 Oo , o — 1 PS... 
— — pat F . * k — — aa * —— ins ei —ͤ— —y— —ê 
6 — a . - : 


- 


0 - 


——UUͤ— — 


— 


— 


— 


m— — — — —— — L—jü—UU:: . 
— 4 — - = 


— OY I — — — —— — — ＋ — 


—_—_—— ů — 5ĩ ——ů ů p — 


K W 20 


r 


4 


FT TO TL ES 


* v ù— PT DT —,%ß9cêß,U — — — — 
— 1 mä 7 .. ² ˙ OT RT 
— — 4 vjdTẽ/· 
— — — 


I TTY oy OR 1979 APA”, 


r 
— — — —— yt pay; — R 


— 


, hM 


282 —ͤ — 


AB. XVIII 


* 
* 
— 
— 
- 
* 


— 


— = - 
—__ — — — —— — 


— — a — — — 
— — —— 


5 


© xa A ˙ 


2 K ů — 7 


* 


—ů ̃ͤ —-— ——— 4 4 — — — — 


' 


Ne, Donald Sat 


— A 


— 


— —— 
— — 

— 

- —— —— —ñ—ñ—v—— m 


———ů—— 
— 
— 


» 


7 


——— 


— 


— — 


44 


— — — 
— — — — 


U—U—UüUñ A 


— —— . —j 


720. 7 Y 


* Ih 75 
Ks 4 © fo ', 5 
2 wn, 


« # 


”" 
— — —- 2 ˙ ‚˙— — — 
— — — — Tm — —————— j ˖—— — et 
— = — — _ — — — — > — —— — — — — — 
— — — — _ — — 


— —— 


* 
- 
* 
- 
. 
- 


SOn Ju: 


779 


JG 
* . 
. 
N 
* AL 
8 
© 5 > 
c_ bt ind 7 
er e "2 
I e | 
| p unn 


— 


* 


2 


** 
* 
* 
— 


PLL 
un 


5 = 
4 (f — 


ü Et 
— — UT ge I 


— — yy — 


p * 


— — 


. —ͤg!———̃⅛²̃Uk. — G—⁵ —— — - 
go _—_— — — ——— — - —— — — — — — „ OO — —_— — 
— 


— —  _ ——_—— —— — —— —— . — ——_—_— — —_— —_ 
— » - 
— 


2 - 


ee vue 


— 


* 
* - 
95 I 


* 


TAB. XXII 


* — * * e 
eee r a, "A nt mann? 
8 * . — EI 4 | 8 . 4 — — 
nN — . \ l _ = G | 
. : _—_ = N NF — — o ah 
. = l ® - * b \ f U — — "my = Z — + «4 _— | 


TTITY SUPINE Þ <\ = 


_— — iS 
—.— * eee N 


N (wv 


7 


— ˙ . Eee a ECO 
———— eee 


— ( 
' — . wo Py . — — — 


—— — — —äWͤ 
— en rr nn rn ns — 


I's 


1 


. ” vs — — —— 


Rd 
1 + * a 
- 
- 
* 
— 
m * 
* 1 
- 4 . 
_ = * 
— * % 
«7 2 * 
* a, 
te . 
* o . 
* 1 
. - 
* ” - 
- 
* . 
- 
4 
+ 
- * * 
N ” \ 
* . 
* ” 
=” 
LY > 
* 
. / 
* — 
* 
* 
— 
, 
* —_ - 
* „ 
* 
a * ® 
. . * 
. 9 
1 . 
. = 
U 
= 
- = » 
* 
4 ; * 
4 
N * 
R * 
o 
* 
. 
5 . 
o 
N 
. &* 
* 
1 
- . 
* = 
% * 
* 
= 
n = 
* 
- 
* 
” 
: 
* 
1 * 
5 * 
. - 
. ©. 
o * 
„ . 
* o 


— 


- * 

5 = - >=» m_ * ——— 
MP WEIS WI . — Ry a—_—y—_ > 4” 3 ae. <<. — — — 4 

„ > © pe — * „ 


OY. — 


4 f nA. od. * ——— — e * 


e ũ en ny 


9 
„ 0 - 
* 
” 8 * 
8 4 1 
? 2 
* 
EY 
G : 
9 
1 
2 
* N 
-% 
*. 
4 ? 
%. 
i 
. + 
% q 
— 
* 
* 
* 
: . * * * i : 4 4 
- x 4 a * - - — 8 2 - — — = _ \ bs : . p B * * 1* 
5 7 | - ene Ws | LL 
N - b 1 r a TY : 
” * 4 4 1 — . . 
AV. "OT * 4. en 14671 FUN — — - 0 "7 ' WETTED Ty 
> | 5114 l Den % We 
2 , . bo 
44 8 
POL U. P 
3 : y 
| - 5 | 5 q E | | | 8 | \ | 
* - : _- : ——Y — ; — * Pine ' 
4 2 / ” : f— Bo *. 1 t 2 —— 
3 | — a | 


- - 5 2 7 = o 
” l l r 
; : 1 2 1 l - > b Py - ” \ - - — o 
ff 
ry — . - 1 o o # = -— bl = . — — . 
* 1 — . ” . = — -- * * 7 ' 
0 2 h g N - 
7 9 = = — 


ante 


PL 
II TILA * 


of 
PP. — — * - 
: 2 - . 1 
> | a . \ Unnaer „. iR MAR nan ran nn d 
| | . ID k | | « RR f: „„ „„ 
8 - , : - o <C 9 hs _ "7 .- g . 8 4 4 95 : - , = - _—_— : — — oe n 
* 7 - CX S ” - = K — a N * r | 4 . - K ? 7 * = * 4 þ 6 y = 2 — : ane ate mY - _ 
* f 0 O a * —. 2 * e = | N - . - TSS : 
- £ ” N = - 20.4.7 * 4 - - 
p * 1 
» 
* 
* 
| | 
1 
5 . 
4 
8 
FR - 
: I; 
N. 1 
£ |: * 
6 * 
N 1 
oy $ x 
. = 
D 
TH 
| | 
Wh 


. 
- 
<, 
13 
2 
2 
—— — — — " — - — 
— — Sn — 3 = 
— —— ; x,, HH He eee 
OMIM. 444404 A RL, 
/ WT] 7 ut! 66 1 WY, . , ** „ B * # 
| YL WH 75 ** 7 7 5 147 TL 
CBE 111111114 4 | 
4 / 7 | / W117 N 7 75 I 
2 7 7 FL 4 #1 /, - 4 
2 4 7 MC $2994 
Lg 1 1 


WO! 
A 


4 7 , 
EY 
_ — pO 2 


. 1 W I | 


| 


* = — i > of 
— TS _ R 8 


— 


2— 


. 

- 
- 

„ 

— — — = — =: — 
— — ͤ——— — — — — — — 
- 
* > 4 
5 * 9 . 
* * * 
= 
- 
: # 
* 
* 
- 
* 
* 
— 
* a 
LY 
: U 
4 „ wif 
4 CY 


. 
ww, 


- 
P 


* 
* 


vs 


0 


Tap. XXI 


229 


J 0 
8 
: 


: 
wm * 


* 


- 
* 
. 
- 
* 
5 
\ 
— 
— 
- 
0 - = 
* 
. 
, 
6 
4 
= 
* 
— 
* - 
© 
* = 
= 
% 
© * 
- 
» 
” 


1 ** 


W 


— 2 „ — — ——— ä —˙² ru we —————— — 


— „ . 


—— 


„ 


s 


„ 23523 —. — 8 


— 


Tas. xi e 


44 — Ne. | | 


Tas. xxuir _ 
I * 


* % > \ ** * hy - FIN d 5 Mo. N 2 7 * F wo Xx 
„ - » Ge y - TJ E 4 # 1 . 3. = = 4 3 7 + » A * . 28 a 
. * * Rx * oy by © * 8 A 
— * . > 9 f 2 0 
1 4 | 
_ = 2 * 0 | . 4 
— 1 C g q ; 
N = 
, 1 
- 
N 
; oy 
, - 
: & l 
= 
* — 
* 
n - 
% 
* i 
- = ' * 
; 5 
. 
* 
7 , 
” * 
* 
. 
g 0 
- 
* 
- 
* 
% 
* 
* 
= * 
. * ; 
= 
- 
— * 893— —U ͥ ? 99 — 4 " . - * 
. — — — 
ö — — — = 
; - 
x 
! s 
| * 
o 
| 1 
% = 
* . 
, ; | 
* 
* 
* 
| * 
* 
0 
| 0 
| 3 - 
„ 
* 
1 
- 
* 
} 
% 
0 . 
Ll 
| | 
| 
, 
0 
* 
1 
* 
| | 
1H 
_ | 
* 
1 
1 
4 - | 
# = 
: | 
: | 
'! 
\ 1 
- #| 
oY * 


2 — — — 


——— 


Fad 


—- 


* 


— 


ub oo — . wo Dr ˙ . — 0 


— 
2 . ——————_ 


4 JW ad ol 77 


1 


Es 
: ' -1-D 
% WW \ 
1 
\ 


74. 


— nine 4 — —ͤ93—ä DES tithe ͥ — . ——ů —— — — — I — 2 — — —— —— — — — — = — — —— — 2 — — 7—ð3ũͥ2 — - — — — — _ — — —— — — — — — — — — — — — — — 
— 1 1 , 
By” Wa * . © 
* 7 
% * 
* 
* 
i / 
* 
® * 
\ 
* 
— 
9 * 
— 0 — — . 
- CIS LI * 
. 1 
: 
= 
1 
- 
* 
% * 
* 
* 
* 
Da 
n Ss » 
2, CAN 
- 
* " 
1 
F 


/ 
" * ＋ 


= 
3 
- 
- - — pe 
= - 5 : * T 4 
: 17 = <4 Of 
. - 7 * 
: : 5 - * 
:; 4 — - 
. . q 
„ 1 715 S's — 2 * - 
N s 4 8 ” : - : P - * 5 
DE — — - , * 4 
* » 4s 2 — a 
- - . k - - 
» 7 - : - 4%, . p q *- 
* — - by hah - 1 , * * 0 
pe - 4 % . 
. = a 7 N ” , 7 s is 1 
L Y a * 
- *3 - , . 
. * - — 4 U 
- * - » 4 N 
of : 4 7 6 7 
o " 
. — 1 3 . . < 
. yo * * * 0 2 
” - l - n * 7 . , 
- - . j 
. \ * a 5 — . 
— — 
- > of 8 . . 
- p * - 2 


AN. De e ee 


1 


— . K — — 
Tam — 5 4 _ 


TT mad 8 
— — — 
—— 


* 


Q 


% 
. 


— — - - 


TABRXXXTV. 


3 5 


- ; — — — = * - — — — ————— — — 
— — [—A—ãW¹ — . — —— — — — >a — — — — — _— — — — — = — — — — — 
— . — — — 2 = — — — — — — 2 — 2 rr . YA == Þ —_— wo * — — 4. 4. — IS. * 
—ñ— — * — CE_ 
—— — — — _ — —ũ—— — — — * on — * _ = — — — .- - 4 of _ — 
rr —̃ä —u—mi == — — — — rein — — .. —— WE = — 2 — . or 3 Tn > — g 2 
— . — I== = = — = — — — — — — ——— — — — — 
” * 
” 
- 
_— 
= 
— 


Gp ——— [—ʒl—s 


—— . — 


19 
1 


— — — —— 3 — 
— m ⏑— ———_— — — — — — — — — — — — 
— - — — a — 
— — —— - _ — — — — — — 
— — — — _— — — — Er. — — 22 oe — 2 — — — — — — — — 
2 2 - — — — — <> - — — * — — —— —— — HD— — — —}_ wh . 1 — 1 — * 
y - — — as — * — PILE nn — — — * —_ 2 1 — 22 — * —— — _ — — — 
— — . — — DCD ̃ ͤöiwʒüq nr noo In L——r————— — — = - <2 — —— =_ — — — = — ” — — 2 2 == => A 2 x 7 TS —ꝓ 
— 2 - — — ID ä — —— — — > * — * — ” — 8 — 2 | 
pn — — * — — = 4 _ - — — , * 
—— — — — — —ũ— D — . — — 2 — — 2 
——— * 4 — G— — — — — —— — — — —— — — = . = — 2 
* — — — — — — — 2 — — - — — — - — 
2 — — — A— — — _ — 
. . SE = AT]. — — » — — — . 
” 
: * 
* 
” . 
. 
. 
oY 
: » 
- 


- 
s | 
* 
: 
* 
* 
- * . 
. . 
. 2 D 4 h 
1 2 . 
— — 1 
* „„ — 
8 — ' *- | | - 
4 = ' % l - 
4 — 2 * [ 
0 —̃ - 
; > * * * 
. 3 : "T2 - 2 - — ' 
x7 2 — 3 — = b i, 1 1 . - 
* : - _ od pl mm, 7. = Q . = * 1 GS. - , 4 » - A k | . | - 3 
＋ 0 4 , 4 — . CTY A WS Thy 2 ö \ ; p \ 4 l - : 
| © yg TY. | __ : . Ly an” Y | 
8 ; A FECOF-L- ee : IE ESTI —_ 72 g N . SY 
. . 1 76 n 2 / ISS LIL YE 2 b \ 6D _ 99 : p a * f : Z id 
= 1 - * >. * ho — — N * - i - - p « $234 &\ N - . 2 * JE" p . | ' ? "if * * 1 
4 ” , 7 ax i" . \ - , * = l * 8 , vet 0 8 7 
. 1 * of „ 5 . — - 42% — ” £ 
: : | — dd * w SEES CVE lr EN . a. 6 | 
2 1 2 , : 2 . * eee ei - . fd oe 
0 == , . D — X 51A => . - F ” 
N 1 f — 8 8 - * —— py 2 3.0, 12.4 4 » 
4 4 
* 
1 . 
= 
* 
- 
* 
. 
* 
— 


. ——— — — — 


— 


* 
. 
= 
T , * 
4 
» 
* 
* * 
1 
- 
- 
* 
= 
- 1 ” «£F 
+ , 
* I 4 
* 
LR” - 
* - 
* 
I * 
= = 
* — 
= 
. — 
s = 
* . 
= 
2 „ 8. 
" . 
* o 
A © 
4 o 
* - 
3 * 
- 
= 2 
= 
& 4 
* - 
2 7 
4 - 
0 ? 
* ” 
1 
9 * y * 
my | » £ 
. * 
- * 
4 _ 
» n 
4 l L 
9 
1 «= 
Fx 
% 
„ 
as * 
* of - i 
* 
- 
* 
* - 
— 
* 
” 
- 
” ww 


1 carts 


— — 


—— — 


= 


m__ Aa 86 — 


. 
OR 
= 
- 
. % ” 
* 
hi 
_— 
. — 
1 
- 
. 
* 
= 1 
0 „ 
— 
. 
* £ 
** 
4 * - i. 
* 
1 = 
* . 
- 
. 
- & 
- * 
Y ”- 
= 
. 9 
* 9 
* * 
bh *. 
"= . 
. 
* - 20 
. - 
. 
< - o 
- * 
= 
” 
- 
, F ' 
. 
- 
* 
* 
* 
— 
= 
* 
* © 
* 
® - 
, # 
= 1 
LY N 
. 
. 
—_ 
% 
N = * 
1 
% 
® = 
- 
* 
* 


——́—yu— —L——ü — —— — — — — 


4 „ id. 


22 * — 


0 
- 
. 
- 
* 
* 
* 
. 
© 
* 
OT. 
— 
- 
* 
- 
- 
* 
oy 
* 
1 
6 . 
. 
_ 
= 
P . 
5 * A 
- - 
a 
. 
— 
* 
2 . 
* 
* E o 
U 
. 
0 - 
y 1 
* a , 
— El 
— 1 
» ®” - 9 
. 
A. 
CY — 
- 
. - 
— 
= 
= 
o 
" 
* 
. % « 


nn 


UW 
* 
a * 
i — 
9 
* _ 
* — 
. 
— . 
— 
- 
bd = 
. 
* I 
L 
4 
o *, : 
2 4 
„ 3 . 
9 * 
— » „ 
„ 
: = +. As WY 
. OLE” *T -© © 
. — 94 
= 1 ” 
* 
0 «<4» 
* * 
» - - 
- 1 
* 
2 * * = © 
- o 
- 
* V 
x * * = 
4 W * 
— ” 
1 
„ . , 
: * 7 © 
, . 
% 
W 1 
- 
9 - 
= — _ 
RE 
* 
* N 
* } 9 
* : * 
4 4 
e 
bl 
= 
- 
. 9 
- - 
* * 
. 
: . 
— 
, = 
. ” * * 
a 4 
4 
— 
. 1 
K * 
* 9 
©» * - N 
* def - 
— 
* 
= * = 
* 
m 1 
- = 
* * 
© i 
©S 9 
4 
* 
= 
* o 
- 
O = 
- 
: 
5... - " 
—— 
. 
” * = 
= 
— v 1 
= 
=” 
* 
= 
. * 
— 0 
* 
- 


% - 
— * 9 
* 
1 4 * 
* 
3 4 
* 
. % s 
* 
ö . 
4 2 S 
o : 17 
* 
- 
0 * 
. 
7 
. 
= 
- 
. % Y 
T > 
= 
. . 
% = 
9 
= * * 
i . 
” 
. 
* 
=- 
3 714 
* — 


— 
- 
> 
C 
* 
- 
* 
= 
* 
%4 = 4 
* . 
Fg 
0 - 
0 1 
l * 
— —. 
» = 
- ”1 
Os 
-E 
— - - 
A 
* " 
* 
9 * 
= - 
- '» 7 
. 
» * 
* 
— * 
** '# 
on = 9 4 %.4 = 
* 
- 
: 
MOSES * 
* - : 
as * . * 
0 
* 
80 
1 
* 
+ 1 ” 
8 
©,» 
®. 5 5 
an” » * - 
: ww ” 
* 1 
bY . 
- k y® : 
4 
4 . , bu 
© 
* 
% : 
& © 
o 
=y 


„ 
Ga 
* 
1 
6 - 4 
Y Ys 
. 
93322 
- 
8 * 
9 
, k 
= 
CY 
* 
— 5 
= by = 
«4 
o 
= 
1 — 
% 
* 
of 
1 
. 
* 
4 
*: 
bi 4 
— 
- 
- a 
* 
. 
4 
k.* J * 
* 
. 
— 


2 ö K ——  —— 


2 — — 


— 


2 


—__ 


— —— 2 K — 


g—2—2—ᷓ— — — 


r N55 1 $1 

Ns N > 

- £10 WE - 4575 
— 2 


= = , . ˙—˙‚•—r0, 2. 


#, 4 
Ye 
— 


7 


of NS 


* 


TIE. 


— 
— 
- 


> 


PIY2 
4% CALC 


7 
1 


» 
\ 


wy 


—_ 
- 


2) 


2701 


RIO 
CONTIN "wo 
1 VNV 4 
*\ WK 


1 


», 


_ 


r 
ID ITAL a 
A AV? * 


n 


7 . 


1 


* 


> 4 
a 


8 
8. 
% 


J 
<A 


TAB. XLIII 


— 


2 n 


ee 
» — 1 2 
* 1 * 2 * 
bd IR: RIG EET SS 
- 7 : 2 - ' — 2 1 
4 — * * 2 — < : — 
- £ 2 C \ : 2 * 2 — — — - . 
— > 6 - 7 bg 
ä SS n 
SE EI SIZED ESO 
2 — - 4x0 . ' {4 _ , * * % - - 4 
* , . 1 
- - ' — 4 
_ 2 KO 2 22 \ i 5 


Q 
yy 


1 
— A 4 4 


47 
* 


\ 


*7 5 


- 
— 
- 


> 2 7 1) a — 8 — 


— 


Co - 


— a, — 3 r 


— — 


— o——_ 


\ 


——— ——— — ——— ———_—— _ — — — 


3K eas —— — — —— — 


— ——ĩ—— — 


— 


| » 
0 / 
— * 4 
IJ f 
* 
* J | 
/ 
- 
: "1 | 
7 
> < 
a 
= 
E | 
3 „ 
| | 0 
>| - 
2M = 
0 ; 8 
R 2 5 
| % 
\ 
. 
Fg ad 
7 % 
| . "OY . 
f ez: ; 


= „ way or ”> Abo. „ 


TAB. XLVII. 


— 


——U— — — «r — 


—— —— — 


— — - — 


oO Ot OT 2 —— — — 
——— en et oe w——_—_— 


